










































































































































































I 




i 

I 


i 































































> 


Copyrig 


materia 


I 




N 


V 




Edited by 


Wayne E. Wingfield, MS, DVM 

Diplomate, American College of Veterinary Emergency and Critical Care 

Diplomate, American College of Veterinary Surgeons 

Professor and Chief, Emergency and Critical Care Medicine 

Department of Clinical Sciences 


Medicine and Biomedical Sciences 


College of Veterinary 


Colorado State University 

I t. Collins, Colorado 


Raffe, DVM, MS 

Diplomate, American College of Veterinary Emergency and Critical Care 

Diplomate, American College of Veterinary Anesthesia 

Professor and Head, Critical Care Unit 
Department of Veterinary Clinical Medicine 

College of Veterinary Medicine 

University of Illinois 

Urhana, Illinois 


Marc 


Jackson Hole, Wyoming 


Copyrighted material 













Executive Editor: Carroll C. Cann 

Developmental Editor: Susan L. Hurtsberger 
Editor: Cynthia J. Roantrec 
Design and Production: Anita B. Sykes 
Composition: Achom Graphics, Worcester, MA 

Printer: Ink On Paper, Alpine, WY 


Teton NcwMedia 

PO Box 4835 

4125 South Highway 89 
Suite 1 

Jackson, WY 83001 


i-770-3165 


1 






www. tetonnm.com 
www. veter i naryw ire.o >m 


Copyright ^2002 Teton NewMcdia 


All rights reserved. This hook is protected by copyright. No part of this hook may he reproduced 

in any form or for any means, including photocopying, or utilized by any information storage and 

retrieval systems without written permission from the copyright owner. 


The authors and publisher have made every effort to provide an accurate reference text. However 
they shall not be held responsible for problems arising from errors or omissions, or from misunder¬ 
standings on the part of the reader. 


PRINTED IN T1 IE UNITED STATES OF AMERICA 


ISBN i -893441 -13-X 


Print number 5 4 3 2 1 


Library of Congress Cataloging-in-Publication Data 


The veterinary ICU Nx>k / edited by Wayne E. Wingfield, Marc R. Rafte. 


P* 


cm. 


Includes bibliographical references and index. 

ISBN 1-893441'13-X (alk. paper) 

1. Veterinary critical care. I. Wingfield, Wayne E. II. Raffe, Marc R. 

(DNLM: 1. Intensive Care—methods. 2. Veterinary Medicine—methods. 3. Animal 
Diseases—therapy. 4. Critical Illness—therapy. 5. Hospitals, Animal. 6. Wounds and 

Injuries—veterinary. SF 778 V586 2001] 

SF778.V58 2001 
636.089'6028—dc21 


2001027037 


Copyrighted material 



When GOD has laid His hands upon the patient, take yours off! 

Ken Mattox, MD 
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f n our entrusting animal owners tor their love ol heir animals and faith 

in our veterinary medicine practitioners. 

To my parents, Opal and Bud, thank you for this lifetime of happiness in 

doing what I do best. To my kids, Shawna and Yvonne, you brighten my life 
daily. To my wife Suzanne, you make my heart beat with joy. To >ur dogs, Sage 
and Loretta, you initiate our smiles. To my CCU nurses, thank you for your 
caring. And to my colleagues, who make each of us better every day. Your eyes 

show me the way. 
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To my parents, Milly and Phil who pointed the way. To my wife, Mayda, who 
showed me the way. To my children, Jennifer and Daniel, who taught me the 

way. To all the talented technicians, students, interns, and residents who teach 
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We wish to thank Dr. John L. Mara of Hill’s Pet Nutrition for his unwaver 

medicine for veterinarians ant veteri 


ing support of emergency and critical 
nary technicians. Without Dr. Mara’s support it is unlikely our specialty would 
have grown so rapidly and thus offered our patients such significant improve' 

ments in quality of care. Dr. Mara i> our beacon t support. We are forever 
indebted to him as a leader, colleague, friend, and fearless parasailor! Thank you, 


Dr. Mara! 
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In 1985, a group of dedicated visionary veterinarians began the process of 

developing emergency and critical medicine into a recognized specialty disci¬ 
pline. Through their efforts, the American College of Veterinary Emergency and 

Critical Care was formed and selected its charter diplomates in 1990. This event 

was a milestone in the recognition of emergency and critical care medicine as 
a formal discipline. The unique information and skills needed to practice emer¬ 
gency and critical care medicine have rapidly expanded over the past decade. 

Originally, this discipline emphasized the care of severely injured animals and 
postoperative complications. It has now evolved into an integrated veterinary 
health care discipline that focuses on illnesses and injuries requiring specialized 
therapies. Practitioners of this discipline are generally personnel with advanced 
educational experiences. They apply their skills and knowledge to the most seri¬ 
ously injured and ill patients while struggling with ethical dilemmas associated 
with the limits of current medical knowledge. These unique qualities, in con¬ 
junction with an emphasis on technological innovation, often foster the mis¬ 
taken impression that critical care medicine is somehow different in principle 

and practice from more traditional branches of veterinary medicine. In reality, 
the management of the critically ill veterinary patient requires the same basic 

skills common to all veterinary medicine; astute observation, careful differentia¬ 
tion diagnosis, and analytical therapeutic decision-making. 

The Veterinary ICU Book is dedicated to these fundamental skills. Expert 
contributors representing core clinical disciplines have written a concise, clini¬ 
cally specific resource for the specialists, residents in training, veterinary prac¬ 
titioners and technicians, and students. The strength of this hook is that its 
interdisciplinary approach clearly defines the physiologic and clinical principles 
that are fundamental to the management of the critically ill veterinary patient. 

The contributing authors and editors wish to acknowledge the help of our 
friends and colleagues in the completion of this book. Specifically, we would 
like to thank Paul L. Marino, MD. He grabbed our interest and ignited our 
enthusiasm for this specialty with his milestone text entitled The ICU Book . 
The tireless efforts of Carroll Cann, Susan Hunsherger, Cindy Roantree, and 
John Spahr of Teton NewMedia were indispensable and extraordinary. And most 
importantly, we acknowledge our patients. We develop an unwavering bond and 

trust with these animals and promise to them we will provide each with our best 

critical care skills. 

Our clients expect more from veterinarians than ever before. Critical care 
medicine over the past 10 years has matured to meet this need. The coming 
decade will see even more advancement in the skills we are capable of mustering. 
We are a part of the most exciting specialty in veterinary medicine. Jump on 
hoard and enjoy the ride! 


Wayne E. Wingfield, MS, DVM 

Marc R. Raffe, DVM, MS 
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Physiology Review 


. W. Mi Her 


/ began to think whether there might not be a motion, as it were 

William Harvey 


in a circle. 


In 1628, William Harveys observations of the characteristics of blood flow in 
arteries and veins led him to describe the flow of blood as a “circulatory" pattern, 
rather than a “ridaT' pattern similar to the back and forth motion of air flow in 

and out of the airways. The “circulatory” pattern of flow permits the delivery of 

oxygen and other essential elements to virtually every cell in the body while 

removing carbon dioxide and other metabolic waste products from tissues. It 
circulation ceases or declines below critical levels, metabolic processes are dis¬ 
rupted and irreversible damage to tissues results. 

One ot the hallmarks of animals with serious illness is the direct link be¬ 
tween the cardiac performance and patient performance. If the heart fails, the 
patient fai Is! The ref ire, it is of paramount importance one understands the forces 
that influence cardiac output of the heart also influence patient outcome. This 

chapter reviews these important forces of cardiac function, blood flow, and their 
regulation. 






The cardiovascular system consists of a right pump that provides circulation to 
the pulmonary circuit and a left pump that supplies the systemic circuit. Both 
systems operate simultaneously in a series arrangement and as such their outputs, 

over more than a few heartbeats, is normally equal. The output per minute from 

either the right or left ventricles is called the cardiac output (CO). The stroke 
volume (SV), the volume of blood ejected per beat by either ventricle multiplied 

by the heart rate (HR) equals the CO. 


CO 


SV x HR 


The right ventricle, which is relatively thin walled, pumps blood into the lower 

pressure, lower resistance pulmonary circuit, while the thicker walled left ventri¬ 
cle ejects blood into the higher pressure, higher resistance, systemic circuit. CO 

is equal to the venous return (VR) or the volume of blood returning to the heart 

from the veins in the thoracic cavity. 


CO = VR 
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Vascular beds, in contrast to the relationship between the systemic and pulmo¬ 
nary circuits, are generally arranged in parallel with each other, thus permitting 
diversion of blood from one vascular bed to another during periods of vasodila¬ 
tion and vasoconstriction. Normally, the arterial blood pressure is maintained 
relatively constant. The perfusion pressure or the difference in pressure between 

the inflow to, and the outflow from, an organ provides the driving force to move 

blood from the heart to the tissues. The arterial blood pressure is determined by 
the product of the CO and the resistance (R) to flow. 


BP = CO X R 






The ability of the myocardium to generate an appropriate SV to meet the 
demands of the tissues is critical to normal tissues function. The SV, an indicator 

of adequacy of cardiac function, can he routinely estimated in most animals 
noninvasively using echocardiographic techniques. 1 The principal physical fac¬ 
tors affecting the SV or [performance of the heart are preload, afterload, and 

in preload and contractility directly affect SV, whereas 
afterload inversely affects SV. The pressure-volume curve for the left ventricle 

shown in Figure 1-1 is a convenient graphic methuxl to illustrate the effect of 

changes in preload, afterload, and contractility on cardiac function. 

The pressure-volume curve in Figure 1-1 depicts the filling phase from A-B, 
the isovolumic contraction phase from B-C, the ejection phase of systole from 
C-D, and the isovolumic relaxation phase from D-A. The letters indicate points 
at which valves open or close. The volume of blood in the ventricle at “B" is 
referred to as the end-diastolic volume (EDV), whereas the volume of blood in 
the ventricle at the end of the ejection period is called the end-systolic volume 


contractility. Changes i 


(ESV). 


SV = EDV-ESV 


Figure 1-1 

Pressure-volume curve for a ventri¬ 
cle. The letters A, B, C, and D refer 

respectively to the opening of the 
atrioventricular valve 
atrioventricular valve, opening of 
semilunar valve, and closure of semi 
lunar valve. 
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The “all-or-none” law of the heart* implies that cardiac muscle either con 

tracts maximally for those conditions or it does not contract at all. These inher 

ent conditions of the *eart are n<>u termed “contractility” relative degree of 
activation, he cardiac muscle also possesses inherent chiracteristics tl at allow 

its output to be adjusted to venous return. In 1884, William Howell and later 

in 1895, Otto Frank, showed that within limits, increases in diastolic volume 

and pressure fleeted the magnitude of the “all-or-none responseIn 1918, Er¬ 
nest Starling, using earlier data from Frank and others,’ formally stated the fact 
tiat “within limits, the greater the stretch on the myocardial muscles prior to 

contraction, the greater is the force of contraction.” This phenomenon is known 

as the Frank-Starling law of the heart. Figure 1-2 shows the relationship between 
end-diastolic pressure and SV depicting the Frank-Starling law. This fundamen 

tal principle of cardiac physiology explains the beat-to-beat adjustments that 
occur in balancing the output of the right and left ventricles as occurs during 

normal respiration. Changes in muscle fiber length appear to affect the number 
of active force-generating sites on the myocardial cell as well as the sensitivity 

to Cj \ 4 Ti e preload-dependent regulation of cardiac performance tv referred 
to as heterometric autoregulation. 

Figure 1-3 shows the impact of changes in preload on cardiac performance 

using the pressure-volume curves. Preload may change, for example, as a result 

of blood loss or gain, alterations in venous tone, peripheral resistance and body 
position, fluid changes due to kidney dysfunction, atrial contraction, skeletal 
muscle contraction, and changes in intrapleural and pericardial pressures. Cer¬ 
tain cardiac arrhythmias may also affect preload when filling time is sub¬ 
stantially increased or decreased. Preload can be determined by recording the 

volume of the ventricle at end-diastole using echocardiographic or radiographic 
methods. The ventricular end-diastolic pressure, although useful if the com- 












Illustration of the Frank-Starling 
law of the heart depicting the di 

relationship 

^ " ' Jr 

diastolic pressure (preload) and 
stroke volume. 
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IV VOLUME (ml) 


Figure 1 

Pressure-volume curves showing the impact of progressively increasing end-diastolic 

volume on left ventricular pressure, Heartbeat numbers t ( 2, and 3 indicate the role 

increasing end-diastolic volume has on increasing stroke volume, isometric contrac¬ 
tions, 2 , 4, and 6 show the impact increasing fiber length has on peak isometric pres 

sure development. 


pliance of the heart is known, provides a poor indicator of preload if compliance 

of the heart is unknown because the end-diastolic pressure would be elevated 

for a given filling volume if the heart is less compliant. The pulmonary capillary 

wedge pressure or the pressure recorded by “wedging” a catheter into the pulmo¬ 
nary arterioles provides an approximate estimate of the left atrial blood pressure 
ind as such provides an estimate of the preload for the left ventricle. 




■I: i 


After load has a negative impact on SV of the heart. After load is the pressure 
in either the aorta or pulmonary artery that must he overcome during systole 

can be ejected into the vessel from the respective ventricle. If 

a weight representing the afterload is attached to a muse e as it begins to shorten, 

the force developed by the contracting muscle must be greater than that of the 

weight before shortening will occur. The degree of shortening in the intact heart 

is defined by the end-systolic pressure volume relationship represented by the 

sloped line in Figure 1-4. Afterload is the sum of all the loads against which the 


before the blood 
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myocardium must develop tension during systole to shorten. The Laplace law 
incorporates factors that contribute to the afterload and is as follows: 


Wall stress (0) 


(p x r m 


where ventricular pressure = P, chamber radius = r, and wall thic ness 
The relationship shows that as the ventricular pressure or chamber size increases, 
the wall stress or afterload increases. A thinner ventricular wall will also in- 

crease the wall stress. The greater the afterload, less shortening 011 the muscle 

produces lower stroke volume. The amount of bh 1 in the ventricle at the end 
of diastole (preload) also affects the wall tension and afterload. The extent of 

shortening also will affect the diastolic characteristics of the heart and thus the 

preload. Figure 1-4 shows that as the aiterload increases, the ESV is elevated 

contributing to a smaller SV. The systolic blood pressure of the ventricle provides 

a reasonable indicator for the afterload. Heartbeat numbers 1, 2, and 3 represent 

progressively increasing afterloads. The isometric contraction depicted by the 
vertical arrow shows that the afterload is elevated sufficiently so that no shorten- 
mg occurs and thus no ejection of Mood can occur. 


h 


F* 


IV VOLUME (ml) 




Pressure-volume curves for the left ventricle showing the effect of progressively in 

creasing aftertoad (1 

gressively increases as the afterload increases. Likewise, if the afterioad diminishes 

the arterial blood pressure or the heart size 

as the end systolic volume declines. 


3) on the stroke volume. The end*systolic volume pro- 


Ma 


the stroke volume would in 




m 


cr 
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The ability of the heart to develop tension independently of changes in 
preload or afterload is referred to as the “contractility'* or inotropic state of the 
heart. Contractility is reflected in the speed and degree of shortening of the 
myocardium at a given load (preload/afterload). Activation of the sympathetic 
nervous system and the resultant increase in release of norepinephrine augments 
the contractilit of the myocardium as more calcium is available for binding 
with contractile components of the muscle. Changes in contractility reflect a 
qualitative change in the force generated by the activated sites irrespective of 
a change in number of active sites. The biochemical events associated with 

changes in contractility remain the subject of active investigation. Decreases in 

sympathetic nervous system activation diminishes contractility. 56 A change in 
cardiac performance as a result of altered contractility is known as “homeometric 
autoregulation. 1 ' Contractility in the intact heart can be estimated from the ejec- 

tion fraction (EF = SV/EDV) and the change in ventricular pressure/time during 

the isovolumetric contraction time (dP/dt). Figure 1-5 shows the effect of alter¬ 
ations in contractility on performance of ie heart. 






5 


< 


* 


LV VOLUME (ml) 


Figure 1 

Pressure-volume curve for the left ventricle depicting the effect of changes in con 
tractility on the extent of shortening of the myocardium (heartbeat numbers 1. 3 f 

and 5) as well as on the 


* 


pressure generated by the left ventricle during isomet 
he contractions (heartbeat numbers 2, 4, and 6) Heartbeat numbers 1 and 2 depict 

normal contractility. 
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The greater the contractility, the lower the ESV and the greater the SV. 

The lower the contractility* the higher the ESV and the lower the SV. In many 
circumstances preload* afterload, and contractility may be changing simulta- 
neously* producing an outcome that is a combination of the interactions. For 
example* an increase in preload (due to cardiac rhyt hm changes that allow longer 

tilling times) in combination with diminished sympathetic nervous system acti¬ 
vation might produce an unaltered SV. 


1 


7 


The cardiovascular system is comprised of a network of conduits designed to 
transport blood to the trillions of cells in the body. A summary ot important 
characteristics of the major vessel types of the circulation is shown in Table 1-1. 

The changes in average blood velocity* blood pressure, total cross-sectional 
area, and percentage blood volume are shown in Figure 1 -6. Summary highlights 
include the following: The bkx>d pressure declines from the large artery (aorta 
or pulmonary artery) to the veins returning blood to the heart; blood velocity 
declines to a minimum in the exchange vessels (capillaries) where diffusion and 

bulk flow occur across the thin capillary wall and then returns to moderare levels 

in the veins; the total cross-sectional area of the vessel types is large (in the 
order of many square meters for larger animals) in the capillary region; blood 
volume is highest in venules and veins (60%—70% of the total blood volume); 

the resistance (R) (not shown in Fig. 1-6) to blood flow (Q) is greatest at the 

level of the arterioles where vascular tone is highest. 

The design of the cardiovascular system allows a limited amount of circulat¬ 
ing blood volume to control the chemical make-up of the internal environment. 
The rate of flow of these substances in blood is determined by certain physical 

factors that have been carefully characterized using simple model systems. 7 Al¬ 
though the assumptions governing flow of water in rigid tubes pumped by simple 
(steady flow) pumps do not strictly apply to the complexities of flow in the cardio¬ 
vascular system, the analogy is extremely useful. Figure 1-7 depicts the physical 

factors affecting flow in vessels. 


Vessel 


l 


Characteristics 


High pressure, high velocity, distensible walls, low resistance, 
pulsatile flow 

Distributing vessels 


Aorta 


Smaller arteries 
Arterioles 


Site of majority of resistance to flow; vasodilation or vasocon¬ 
striction affects local flow. 


Capillaries 


Thin walled exchange vessels, large total cross-sectional area, 

extremely low blood velocity, 


Venules and veins 


Low pressure, intermittent blood flow, low blood velocity, 

60%-70% of blood volume stored in veins, venous valves. 
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Figure 

The changes in average blood velocity, blood pressure, total cross sectional 

percentage blood volume. 








was established in a flow model by the 


The Poiseuille equation or “law 
French physician J. Poiseuille. The equation states the relationship between Q “ 
blood flow, AP as perfusion pressure, r is the radius of the tube, L the length of the 

tube, and T| is blood viscosity. A simplified version of the equation is Q = AP/R, 

w here R = resistance to blood flow (R - 8 T|L/?Cr 4 )* Because the viscosity changes 

are fairly minimal in most situations, it should be apparent that the major factors 
that affect blood flow to an organ are changing pressure gradient across the vascular 

bed or changing vascular resistance. The latter variable plays the predominate role 

in altering blood flow primarily due to the huge impact of radius (r 4 ) on blood flow 
and the fact that the arterial blood pressure normally is fairly constant. 








One of the confusing issues related to blood flow is the apparent contradic 

tion between the Poiseuille law and the continuity equation (Q 

flow occurs along the cardiovascular system and encounters the small high resis¬ 
tant arterioles, one would predict that the flow rate would decrease in that area. 


V X At. As 


Figure 1-7 

Model of vessel showing the fac¬ 
tors that affect blood flow (Q). In 
this figure, IP is the perfusion 

pressure, r is the radius of the 

tube, L the length of the tube, 
and n is blood viscosity. 
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blood velocity and A 


total cross-sectional 


Because Q 

area, one can predict that since the flow rate must be the same in each composite 
vessel segment, the velocity will decrease as the total cross-sectional area in¬ 
creases. This basic equation also explains why the blood velocity decreases with 
the huge total cross-sectional area comprising the capillaries. It also provides the 
basic rationale for the blood velocity increasing in the venous segments as the 
total cross-sectional area declines compared to tin capillaries. 


V X A, where V 


The energy required to transport blood at a given velocity and the blood 
pressure exerted on the vessel wall are connected by the Bernoulli principle. 

The total energy associated with blood flow in a vessel is the sum of the potential 

energy (pressure exerted on the vessel wall) and the kinetic energy due to the 

velocity of blood (kinetic energy = l h pV 2 where p = density and V = velocity). 
The total energy (E) at a given point in the vessel is a constant and is provided 

by the following equation: 


2 


E = P + pgh + l /2 pV 


In this equation, pgh represents the pressure resulting from the hydrostatic pres¬ 
sure of a column ot bKxxl. As the blood velocity increases, the distending pressure 

exerted on the vessel wall declines. This principle is applied in clinical situations 

such as a valvular narrowing where the lateral or distending pressure is dimin¬ 
ished proportionally to the severity of the narrowing and as the kinetic energy 

can be simplified to the following: 


I he Bernoulli equation 


increases. 


v 2 ) 


AP = 4(V 


I 


where AP 

obstruction, and V 2 

used to predict the pressure gradient across a narrowed vessel or heart valve. 
Narrowing in arteries may cause such elevated velocities that the lateral pressure 
is diminished producing a vessel that will collapse in the presence ot enhanced 
vascular tone. 


the pressure gradient, V! 


the blcxxl velocity proximal to the 
velocity distal to the obstruction. This equation is 


For the most part, flow in arteries and veins is streamlined or laminar indi¬ 
cating that cellular elements do not move among the other laminae. Figure 1-8 
depicts the nature of flow in streamlined (laminar) 

into a vessel containing laminar flow will be located precisely in that lamina at 
locations below the injection site if the flow remains laminar. F luid flow that 
behaves in a nonlaminar way exhibits movement of fluid elements among lami¬ 
nae. Turbulent flow produces a type of flow in which the velocity of elements 
are chaotic with variable degrees of interchange among laminae. At one point 
a red blood cell might be in one lamina and the next instant it is in another. 

The presence of turbulence can be estimated using Reynold's number (Re *): 
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Schematic of "streamlines" in 

laminar flow The blood veloc 
ity in streamline or laminar 
flow is highest in the vessel cen 
ter and lowest at the vessel 

wall. 


(D X V X p)/T] 


a nondimensiortal number thar is the ratio between the- kinetic 

energy and the viscous component. The higher the kinetic energy, the greater 

die possihility for tu Wulenc e and the lower the viscosity, the higher the . >tenrial 

for turbulence. Values greater than 2000 indicate the possibility for turbulence. 

The relationship between blood velocity and perfusion (pressure gradient) pres 

sure a e different tor laminar and turbulent flow (Fig. 1 9). In laminar flow, flow 

is directly proportional to pressure, whereas in turbulent flow, flow is proportional 

to the square root of pressure. In other words, more pressure energy is required 

in turbulent flow to achieve a comparable flow to laminar flow. 
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Because the heart is connected to a “circulatory system” comprised of an arterial 
system that is separated from a more compliant venous system by resistance veS' 
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Relationship 

gradient and flow in a tube. At 
critical velocity when flow be¬ 
comes turbulent, the pressure 
gradient required to produce 
comparable flow in laminar 
flow must increase. 
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Applied Cardiovascular Physiology I 

sels, the CO and the venous return at equilibrium must be equal. CO is con¬ 
trolled by heart rate, myocardial contractility, preload, and afterload. The first 

two factors arc cardiac factors, whereas the latter two are coupling factors because 
they constitute a functional coupling between the heart and the vasculature. 

The preload and after load are determined by cardiac factors and by characters- 
tics unique to the vasculature. A simple model (FiK- 1 TO) shows the effect of 

changing CO on the central venous pressure (CVP) and arterial blood pressure. 

When the pump is stopped and C’O/VR are sens the pressure in the* entire 

circulatory system is approximately 7 mm Hg. The pressure in the vascular system 

when the CO is zero is termed the mean circulatory pressure (Mt l*) or simp! 
the static pressure. This pressure is a function of the average compliance of the 

circulatory system as well as the blm I volume. The mean circulatory pressure 

increases when blood volume increases and it decreases as the blood volume 
declines. It is from this value that the arterial bl< >d pressure increases with Cl 
and the venous pressure decreases. In the example, when the CO increases to 

4 L/min, the CVP decreases to 3 mm Hg and the arterial pressure increases to 

103 mm Hg. 

The ratio of venous compliance to arterial compliance i> approximately 24:1 
meaning that for every 25 mm Hg pressure difference between the arterial and 
venous compartments, 24 mm Hg of pressure is added to the MCP of the arterial 
side and l mm Hg pressure is subtracted from the M(T for the venous side. In 

our example in Figure 1-10, assuming a peripheral resistance of 25 peripheral 

resistance units (PRU) and a CO of 4 L/min, the pressure gradient is 100 mm 
Hg and thus the pressure on the arterial side would be 96 mm Hg plus 7 mm 
Hg, or 103 mm Hg, and that for the venous would be 7 mm Hg minus 4 mm Hg 

or ^ nun Hg. In other words, once the ‘'heart" begins to pump, blood will be 
transferred to the arterial system and will be removed from the venous system 

until the pressure in the arterial system rises and the venous pressure falls to a 
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Figure 1-10 

Schematic of a flow model demonstrating the effect of flow rate on venous blood 
pressure and arterial blood pressure. 
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CO, Similar analogies apply to a falling 

venous pressure rising. These 


new equilibrium at which the \ K 
00 with the arterial pressure dropping and the 
interactions can be analyzed using a combination of cardiac function curves that 

are an extension of the Frank-Starling law and vascular function curves that 

depict the inverse relationship between CO or VR and venous pressure (pre¬ 
load). Figure 1-11 shows cardiac function and vascular function curves plotted 
as a function of the venous pressure. The cardiac function curve shows that 

factors that augment the preload increase CO. A shift to the left indicates higher 
contractility and a shift tn the curve to the right indicates lower contractility. 
The vascular function curve shows that the CO is inversely related to the venous 


pressure. Factors such as venous capacitance, blkxxl volume, and vascular resis¬ 
tance affect the vascular function curves. The curve shifts to the right with lower 
vascular resistance, increased venous tone (decreases venous compliance), and 

higher blood volumes. The opposite will shift the vascular curve to the left. 
Figure 1-12 show's the effects of alterations in both cardiac function and vascular 

function. At the normal equilibrium point W A M when CO = VR, the venous 

pressure is approximately 3 mm Hg. If the blood volume is expanded or venous 
tone increases, the CO increases to point “B” even though the myocardial con¬ 
tractility remains unchanged. If the venous tone decreases or blood volume is 
depleted but cardiac contractility remains unchanged, the CO (VR) declines 

to “C.” If the cardiac contractility decreases but the vascular function remains 


1-11 

Cardiac function (Frank-Starling curve) and vascular function curve depicting that at 
equilibrium, the cardiac output and the venous return are equal. 
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Figure 1 

Effects of alterations in both cardiac function and vascular function 
planation. 
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unchanged, the CO drops to “D.” If the contractility increases but vascular func¬ 
tion remains unchanged, the CO rises to M E. M Other points where the vascular 

function and cardiac function curves intersect represent other points of equilib¬ 
rium where the VR = CO. Thus, the vascular function (VR) and cardiac func¬ 
tion (CO) interact to determine the specific CVP at a given time. Clinically 

though it is nearly impossible to generate cardiac function or vascular function 
curves, measurements of CVP can shed light on the cardiac or vascular status. 

If a patient presents with abnormally elevated CVP, the CO is either depressed 
or the blood volume is elevated (or both). If the CVP is depressed, the CO is 

either significantly increased or the bl >od volume is low (or both). 
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Uptake* transport* and delivery of 0 2 to tissues is essential in maintaining physio¬ 
logic integrity and cell viability. Concurrent removal of metabolic by-products 
including C0 2 from tissues is equally critical to maintain homeostasis. Because 
these processes have a common purpose* they are frequently linked together and 
referred to as respiratory gas transport. 

The purpose of this chapter is to review the processes involved in oxygen 
(0 2 ) transport from the ambient environment to the living cell and carbon diox¬ 
ide (CO 2 ) transport from the cell to the ambient environment. A common 
thread in this relationship is hemoglobin (Hb) and its role in supporting both 

processes. 


; m aw y 




The process of transporting 0 2 from the external environment to the cell is 
elegantly simple in concept but complex in practice. The transport process may 

be divided into four phases: (1) pulmonary gas exchange, (2) 0 2 interaction 
with Hb, (3) 0 2 delivery to tissues* and (4) extraction of 0 2 at the tissues. Each 

step is critical to ensure that a steady ( \ source is supplied to cells tor metabolism. 




iriMmj 






The respiratory system is comprised of several anatomic regions that blend 

together to facilitate gas transport to the alveolus. (ias transport and distribution 

begins at the nares and ends with gas delivery to the pulmonary alveolus. Upper 
conducting elements of the respiratory system include the nares* maxilla, frontal 

nasophamyx, larynx, trachea, bronchi, bronchioles, ..hkJ alveoli. The 

incorporated into the lung structure. Sequential 

branching of the conducting airways from the trachea to the alveoli occurs in 

mammalian lungs and contributes to the compact space in which miliums of 
alveolar units reside. The sequential branching is referred to as airway genera¬ 
tions. Depending on species, there are between 22 and 26 airway generations 

between the trachea and alveolus. 

Pulmonar y gas exchange is die process that encompasses bulk movement 
of gas from the ambient environment to the terminal respiratory units of the 

lung. This process requires metabolic energy to perform. Under normal condi¬ 
tions, lung expansion occurs in conceit with chest wall and diaphragm motion. 


sinuses 

bronchioles and alveoli are 
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Tension generated by the diaphragm and respiratory' muscles produces mechani- 

cal expansion of the thoracic cavity; this act pnxluccs concurrent pulmonary 

tissue expansion and generates a subatmospheric pressure gradient. Gas enters 

the respiratory passages, pharynx, and upper airways and produces a reduction 

in the transrespiratory pressure gradient to a static level at the end of inspiration. 

Expiration is generally a passive event that is initiated by relaxation of the respi- 
ratory muscles and diaphragm. Muscle relaxation permits elastic tissue elements 
in the lung to retract, thus facilitating alveolar emptying into the conducting 

pathways and, ultimately, the ambient atmosphere. 

Movement of O 2 from the external environment to the blood requires the 

process outlined above. Transport of O into the conducting pathways of the 
pulmonary tree occurs during each breath. Once O 2 enters the conducting path¬ 
ways, movement to the alveolus occurs by a combination of bulk transfer and 

diffusion. Bulk transfer occurs in the first six airway generations; diffusion occurs 

in the remaining pathways to the alveolus. Diffusion is effective because O 2 

partial pressures in the conducting pathways are greater than those in the alveo¬ 
lus, thus facilitating gas transfer to the alveolar level. This relationship is dy¬ 
namic and constantly changes as gas diffusion occurs back and forth between 
the alveolus and the pulmonary circulation. 

Once in the alveolus, oxygen diffusion occurs across the capillary-alveolar 

membrane. The rate of diffusion is governed by transmembrane partial pressures 

and gas solubility in tissue. Solubility is related to molecular weight; O 2 (mw = 

32) has a slightly higher solubility coefficient than CO 2 (mw = 44). The magni¬ 
tude of partial pressure gradient influences speed of diffusion. O 2 has a high par¬ 
tial pressure gradient (—' 100 mm Hg in the alveolus, —38 mm Hg in venous 

bkxxj). Thus, the difference in partial pressure gradient between venous and 
arterial bkxxl facilitates rapid diffusion across the alveolar membrane. 

The above discussion assumes ideal balance between alveolar gas exchange 

(V) and pulmonary blood flow (Q) past the alveolus. This does occur in a signifi¬ 
cant portion of healthy lung; it has long been recognized that physical forces 

affect the optimal balance in certain lung zones. Any V/Q imbalance affects 

gas exchange across the capillary-alveolar interface. Either increased V/Q (dead 

space) or decreased V/Q (shunt) will affect pulmonary 0 2 uptake before affecting 
C0 2 exchange. Increasing respiratory rate in the normal patient will not signifi¬ 
cantly increase O 2 levels because O 2 partial pressure is unchanged. Supporting 
ventilation during anesthesia or during pulmonary disease will improve O 2 distri¬ 
bution and uptake in the lung. Disturbances in V/Q are generally amenable to 
increased inspired O 2 levels. Increased O 2 level will increase the diffusion gradi¬ 
ent favoring O 2 uptake in the blood. 


2 


Oxygen is predominantly carried on the Hb molecule once it enters the 

vascular network. Hb has remarkable characteristics in that it has the ability to 

carry four O 2 molecules per Hb molecule. C : that chemically complexes on the 
Hb molecule does not exert a partial gas pressure. A small percent of O 2 remains 
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Schematic indicates 0 2 transport from the alveolus to tissue beds. Note that the direc 

tion of 0 2 diffusion is governed by the 0 2 partial pressure in the local capillary'tissue 

environment. Plasma 0 2 plays a key role in determining directional "flow." 


in physical solution in the plasma compartment* This plasma soluble 0 2 provides 
directional movement to or away from Hb in the diffusion process (Figure 2-1). 

Each gram of Hb carries approximately 1 JO rnL C 2 (there is a slight species 
difference in this value). A dog (cat) generally has between 12 and 15 g Hb/ 

dL blood. An animal that has 15 g Hb/dL would have a Hb capacity of 1.34 
(mL 0 2 / g Hb) X 15 g Hb/dL = 20.0 mL 0 2 / dL blood. This is the total amount 

of0 2 complexed with l lb. It i> assumed that under normal conditions, O inter¬ 
acts with all available sites (>97% 0 2 saturation (SaOi]) on the Hb molecule. 

As noted above, there is a small amount of 0 2 in physical solution; the amount 

of 0 2 in plasma (solution) is about 0.3 mL/dL/100 mm Hg 0 2 partial pressure. 
The total amount of 0 2 content (Ca0 2 ) per blood deciliter (100 mL) is the sum 

of the 0 2 complexed on the Hb molecule and 0 2 in physical solution. This may 

be mathematically described as follows: 


Ca0 2 = (1.34 X Hb X SaOi) + (0.003 X Pa0 2 ) 


In this example, a normal patient breathing room air would have a total O 

carr ing capacity (0 2 content) of 20.0 + 0.3 

Several issues can markedly affect 0 2 -canrying capacity. The first issue is 

Hb saturation. Any disease process affecting cardiovascular or respiratory func¬ 
tion has the potential to reduce 0 2 uptake at the lung. Under these conditions, 
the 0 2 partial pressure is lower than expected producing incomplete Hb satura¬ 
tion. This is the reason that SaC^must be factored into calculating k content. 


20.5 mL 0>/dL 
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The second issue is I lb concentration. If Hb concentrate>n is reduced, markel 
change in Ca0 2 will occur, even if blood O 2 tension (partial pressure) is un- 
changed. Because the quantity of 0 2 carried in physical solution is small and 
wi 11 be constant irrespective of Hb level, it is safe to assume that total 0 2 'Carrying 
capacity is directly proportional to Hb concentration. The following example 

underscores this point. A patient has an Hb level of 6 g/dL. 


Hb I und O 


6 g x 134 mL/ 02 /g 

O 2 in plasma/ 00 mm Hg 


7.80 mL O 


2 


2 


03 mL O 


2 


Total Oi carried 

Note that the total carrying capacity is significantly reduced compared to normal 
Hh levels. This patient will not demonstrate significant response to increased 

inspired G? levels because the defect is in the absolute 0 2 -carrying capacity per 
deciliter of blood. 


8.10 mL 0 : /dL 


As each molecule is attached, the stereochemistry of Hb is altered. Thus, 

as Oi molecules three and four are attached, their binding is such that they may 

he freely unbound at appropriate points in the circulation based on local tissue 
O 2 tension. As O 2 is detached, the Hb molecule will subsequently release addi- 
tional O: molecules in a more energy-efficient manner. Analysis of the physio¬ 
logic properties of Hb led to construction of the oxyhemoglobin dissociation 

curve (Fig. 2-2). 

Note that the curve is “sigmoid” m configuration. If one plots norma! ve¬ 
nous 0 2 tension (PvG 2 = 40 mm Hg) and arterial O 2 tension (PaO> = 100 mm 
Hg), one notes that Q 2 uptake and release occurs in the 75% to 100% Hb satura¬ 
tion range. This is the most energy efficient portion of the curve with large 

“reserve” capacity still available. 

P 50 is an analysis that is used to help understand real-time 1 lb physiology. 
1 lb has the ability to change its affinity for 0 2 ; this produces * 4 shitr in the Hb 

curve. P$o is the value at which Hb is 50% saturated. Normal P 50 value is 27 

to 55 mm Hg, depending on conditions. Factors that may influence ’so ate listed 

in Table 2-1. 

Increased P 50 values indicate decreased 0 2 affinity, meaning that 0 2 is less 
likely to attach to the Hb molecule but is more likely to be released in low 0 2 
pressure environments. Decreased P 50 value indicates increased 0 2 affinity for 
Hb, meaning that Hb is less likely to donate G 2 at tissue sites that have low 0 2 
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Figure 

Oxyhemoglobin dissociation curves. Curve A represents the normal physiologic rela 
tionship between Hb and 0 2 . Curve 

Curve C represents increased oxyhemoglobin affinity. 
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partial pressure. Plot out 0 2 tensions versus percent saturation with normal and 
shifted Hb curves to convince yourself of this principle. 
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Once 0 2 is attached to the Hb molecule* it must be transported to organ 

systems and tissues in a time' and energy-efficient manner. Tissue blood flow 
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sion) is dictated by a complex series of events. As noted above in the 

fi rst equation, blood 0 2 content (Ca0 2 ) must he high enough to facilitate O 

transfer at tissue beds. In addition, there must he adequate blind flow (cardiac 
output) to constantly deliver oxygenated Mood to tissues. Distribution of car* 
diac output must occur according to the metabolic needs of various tissue 
beds. This is determined by a coordinated action of neurogenic and humoral 
control mechanisms. Global control is under the autonomic nervous system 

vhich modulates local vascular tone to match blood flow to tissue metabolic 
demands. Moment-to-moment regulation is provided by local neurohumoral 

control mechanisms (nitric oxide and adenosine) that provide fine control of 

blood flow velocity through capillary beds. 

It is not possible to measure cellular 0 2 delivery. However, we can infer 
this by quantifying global 0 2 delivery. Global 0 2 delivery is a product of blood 

0 2 content and cardiac output (flow). It is mathematically represented as follows: 


2 


IK) 


Q X Ca0 2 


2 


where Q is cardiac output in L/min and CaOj is calculated as previously Mis 

cussed. 


2 


Tissue 0 2 uptake is the product of cardiac output and the difference in Q 2 
content between arterial and venous blood. The mathematical expression is as 
follows: 


VO 


Q X (Ca0 2 - Cv0 2 ) 


2 


because i lb characteristics (1.3 X Hb 

blood, the equation can be modified as follows: 


GO 2 ) are similar in arterial and venous 


Q X 13.4 X lib X (SaO 


SvO : ) 


VO 


2 


In this last equation, Hb content is multiplied by 1C to correct unit differences. 


2 


The 0 2 extraction ratio (OER) is the ratio of 0 2 uptake to 0 2 delivery 

(V0 2 /I O 2 ). It represents the fraction of 0 2 delivered to tissues by the microcir¬ 
culation that diffuses into the tissues. The ratio can be multiplied by 100 to 

express OER as a percentage. The normal OER in humans is 0.2 to 0.3 indicating 
that approximately 20% to 30% of 0 2 delivered is extracted into the tissue spaces 

and is used in metabolism. This is adjustable based on a variety of factors includ¬ 
ing disease, stress, exercise, and metabolism. All these physiologic states will 

increase OER. The ability of the 

disease states as described below. 


y to adjust for OER is critical in certain 
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Figure 

Graphic representation of the relationship between 0 2 transport (DO*) and Oj con 
sumption (VOj). The relationship of 0 2 transport and consumption (VOj/DOJ is re 
ferred to as the 0 2 extraction ratio -OER) 
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Aerobic metabolism requires a steady stream of O* (VO ) to maintain nor¬ 
mal biochemical processes. As a rule of thumb, an 0 : consumption value of 5 
mL/kg/min is used to calculate O 2 demand by the patient under normal meta 
bolic conditions. Tins requirement occurs irrespective of the ability to supply 

adequate O levels (l \ J 2 ) at any moment in time. 0 2 demand may change with 
many factors including metabolic rate, body temperature, age, disease, and organ 
failure or dysfunction. Because of moment-to-moment changes in 0 2 delivery 

the OER changes during normal daily activity. This is not apparent in healthy 
patients because the OER is never high enough to tax 0 : reserves .n ailable on 

the Hb molecule. Abnormal conditions in which Hb is low, perfusion is poor, 
or metabolic demands increase during fixed 0 2 delivery may create a serious 

disturbance in O? availabilit by increasing the percent ofO : extraction. Under 

these conditions, a state of critical 0 2 delivery may be reached. Critical 0 2 deliv 

. . * _ , 

ery is defined as the point where VO> is limited by the D0 2 . The point at which 
critical 0 2 delivery is reached is referred to as supply-dependent V0 2 (Fig. 2-3) 
Conceptually it represents the condition where tissue 0 2 uptake is limited by the 

o 2 supplied, not by the metabolic demand. This scenario is not uncommon in 

critically ill patients for reasons described above. The reasons for this conversion are 

•# ^ _ _ 

nor full \ understood, bur appear to be related to an inherent V0 2 /1> > 2 imbalance 
related to the underl ing disorder 
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Carbon dioxide is the major end-product of oxidative metabolism. The nouy is 

exquisitely sensitive to C ) : ; it is the dominant substance on which respiratory 

control is monitored. The ventilatory control systems are designed to regulate 

CO 2 and facilitate its clearance in the lung. 

Based on partial gas pressures, CO 2 diffuses from intracell ular sites to plasma 
compartment. When CO* comes in contact with plasma water, it forms carbonic 
acid, a potentially damaging product if allowed to accumulate. To minimize po¬ 
tential damage, * O 2 is buffered in the vascular compartment until it can be “off 

loaded” at the lung for excretion. The transport of C0 2 can occur using one of 

three mechanisms: (1) A small percentage of C0 2 is maintained in physical solu¬ 
tion due to its plasma (water) solubility. This small amount is important because 

it facilitates the direction of diffusion much as plasma soluble 0 2 does in arterial 
blood. The absolute amount of soluble C0 2 is small compared to other transport 
mechanisms. (2) CO 2 may continue to diffuse in plasma and gain entry into red 
blood cells. Approximately 20% of CO> combines with Hb forming carbarn 1 no¬ 
hemoglobin. This CO 2 molecule is exchanged for 0 2 during pulmonary gas ex¬ 
change (arterialization). As O z is attached, this physiologically enhances CO 2 - 
Hh dissociation; this phenomenon is called the Bohr effect. (3) The majority 

* r 1 O 2 is transported following chemical intcreonversion. Ery throcyte cytoplasm 
(and renal tubular cells) possesses an enzyme system called carbonic anhydrase 

(( IA). This enzyme facilitates C0 2 hydration and chemical interconversion into 

carbonic acid. The hydrogen ion from carbonic acid dissociates and interacts 
with available binding sites on the Hb molecule. The residual molecule from 
this process is bicarbonate ion; it is exchanged into plasma for chloride ion (chlo¬ 
ride shift). In this way, CO 2 is dismantled for transport and is rebuilt at the lung. 
By complexing acid elements, tissue damage is minimized. The events may be 
summarized in the mass action reaction: 


C0 2 + H 2 0 ** H z COx H* + HCO 


3 


3 


In this reaction, CA expedites step 1; step 2 occurs spontaneously. 


2 


Hemoglobin is a major buffer system in the Hood. As noted above, it is 
integral in neutralizing hydrogen ion for transport from cells to the lung. Hb has 
a six-fold higher buffering capacity than plasma protein. This is mainly due to 

the massive Hb pool that is available in normal blood. The pK of Hh (7.0) is 

closer to normal 


ly pH (7 4’. This further enhances the contribution of Hb 

to total blood buffering capacity. It also makes Hb the primary buffer system for 


CO 2 transport. 

Hemoglobin has a greater buffering capacity in its deoxygenated (desatur- 

ated) state. This characteristic is referred to as the Haldane effect. This effect 
is physiologically favorable because it increases Hb affinity for CO : and shortens 
the time that free C0 2 can interconvert to hydrogen ion instead of being directly 
complexed or dismantled for transport on the Hb molecule. 
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Once desaturated blood reaches the lung, it reassembles CO 2 by reversing 
the mass action reaction or releases it from the Hb molecule. GO? is released 

trom the blood and diffuses into the alveolus and upward through the respiratory 
tract to he environmentally excreted. The Hb molecule changes stereochemical 
configuration as COj and hydrogen ion are released. This characteristic is re- 

ferred to as the Bohr effect. The release speed of CO 2 can be estimated by the 

arterial'venous difference in pCC^. This can be formalized by a modification of 
the Fick equation. The Fick equation describes the relationship between content 
difference for a specific gas (in this case CO 2 ) in arterial and venous blood and 
perfusion (cardiac output). For CO 2 , it may be defined as follows: 


VC0 2 = Qx (CvC0 2 - CaC0 2 ) 


i 


venous content of CO?, and 


where Q = perfusion (cardiac output), CvCO 

arterial content of CXX 


: 


CaCO 


2 


This concept is essential to daily acid-base regulation. As noted in tiie 
acid-base section, CO 2 is the acid partner with bicarbonate. The ability to buffer 

CO 2 for transport and excretion at the pulmonary level is critical to maintain 
overall acid-base balance in the 


1_1 


rtant role that Hb plays 


y. This is an im 

in overall homeostasis. On a daily basis, over 10,000 mEq acid per day is excreted 

by this route. 










Transport of respiratory gases is crucial to maintaining cellular and systemic ho¬ 
meostasis. A number of steps are required in the process; disturbance at any level 

may produce harmful consequences to the patient. It is important to understand 
the sequence of steps associated with gas transport so that accurate problem 
identification and therapeutic intervention may be performed before significant 
deleterious consequences develop. 


Com roe JH: Physiology of Respir mon, 2nd ed. Chicago, Yeari>oolc Medical Publishers, 

1974. 

Bryan-Brown CW, Guitterez G: Pulmonary gas exchange, transport and delivery, /n Shoe¬ 
maker W, Ayres S, Grenvik A, Holbrook P, eds.: Textbook of Critical Care, kl ed. 

Philadelphia, WB Saunders, 1995, 776. 

Marino PL The ICU Book, 2nd ed. Baltimore, Williams & Wilkins, 1999, 19. 

Szaflarski NL: Pulmonary and tissue gas exchange, in Parsons PE, Wiener-Kronish JP, 

eds.: Critical Care Secrets. Philadelphia, Hanley and Belfus, 1992, 7. 
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The management of critically ill organisms is dominated by the notion that pro¬ 
moting the supply of oxygen (0 2 ) to the vital organs is necessary to sustain life. 
As a result* 0 2 is provided in a liberal and unregulated fashion, whereas the 
tendency for O 2 to degrade and decompose organic (carbon-based) matter is 
usually overlooked. In fact, in contrast to the notion that 0 2 protects cells from 
injur in the critically ill, the accumulated evidence over the past 15 years 
gests that Oi may be responsible for the cell injury that accompanies critical 

illness. The possibility for 0 2 to act as a toxic rather than life-sustaining force has 
monumental implications for the way we manage the critically ill. This chapter 
summarizes the mechanisms by which 0 2 can promote tissue injury and presents 
some of the endogenous mechanisms used by aerobic organisms to protect them¬ 
selves from 0 2 -induced tissue injury. 


>:< lih 










An oxidation reaction is a chemical reaction between 0 2 and another chemi¬ 
cal species. Because 0 2 removes electrons from other atoms and molecules* 
oxidation is also described as the loss of electrons by an atom or molecule. 

The chemical species that removes the electrons is referred to as an “oxidizing 

agent” or oxidant. The companion process (i.e., the gain of electrons by an atom 

or molecule) is called a “reduction” reaction, and the chemical species 

that donates the electrons is referred to as a “reducing agent.” Because oxida¬ 
tion of one atom or molecule must be accompanied by reduction of another 
atom or molecule, the overall reaction is often referred to as a “redox 

1 1 on. 




reac 


When an organic molecule (i.e 


a molecule with a carbon skeleton) reacts 
with 0 2 , electrons are removed from carbon atoms in the molecule. This dis- 


* ' 


rupts one or more covalent bonds, and as each of these covalent bonds ruptures, 
energy is released in the form of heat and light (and sometimes sound). The 
organic molecule then breaks into smaller fragments. 1 When oxidation is 

complete, the parent molecule is broken down into the smallest molecules capa¬ 
ble of independent existence. Because organic matter is composed mainly of 

carl m and hydrogen, the final end-products of oxidation are simple combina¬ 
tions of 0 2 with carbon and hydrogen, that is, carbon dioxide (C0 2 ) and water 


(HO). 
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Oxygen itself is a weak oxidizing agent, but some of its metabolites are potent 
oxidants capable of producing lethal cell injury. This tendency for a weakly oxi 

dizing parent molecule (0 2 ) to form metabolites that are powerful oxidants is 

explained by the atomic structure of the 0> molecule, which is described below 


* 




J 


Oxygen in its natural state is a diatomic molecule, as shown by the familiar 
Oi symbol at the top of Figure 3-1. The orbital diagram to the right of the O 
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Hydrogen 

Peroxide 


Fe(ll) 


Fe(lll) 
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Hyd roxyl 

Radical & Ion 


water 








The metabolism of molecular oxygen to water , Orbital diagrams on the right side of the 

figure show the electron configuration (indicated by the arrows) in the outer orbitals 

(small circles) of each reactant. Highest orbitals in each diagram are furthest from the 

nucleus. Single electron reductions indicated by e . See text for explanation. 
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symbol shows how the outer electrons of the molecule are arranged* I he 

circles in the diagram represent orbitals, which are energy fields that can he 

occupied by electrons. The arrows in the diagram represent electrons that are 
spinning in rhe direction indicated by the arrows. Note that one of the O 2 orbit- 

als contains two electrons with opposing spins, whereas the other two orbitals 
each contain a single electron spinning in rhe same direction. The orbital with 
rhe paired electrons is obeying one of the basic rules of the quantum atom: an 

electron orbital can be occupied by two electrons, but only if they have opposing 

spins. The two outennost orbitals with single electrons are thus only half-full, 

and their electrons are “unpaired.” An atom or molecule that has one or more 
unpaired electrons in its outer orbitals is called a free radical. 2 (The term “free” 
indicates that the atom or molecule is capable of independent existence; i.e., it 
is free-living). 

Free radicals tend to be highly reactive by virtue of their unpaired electrons. 
However, not all free radicals are highly reactive. This is the case with Oj, which 

is not a highly reactive molecule despite having two unpaired electrons. The 
reason for the sluggish reactivity of O 2 is the directional spin of its two unpaired 

electrons. As mentioned above, no two electrons can occupy the same orbital 
if they have the same directional spin (the exclusion principle, proposed by the 
Austrian physicist Wolfgang Pauli). Thus, an electron pair cannot be added to 

O 2 because one orbital would have two electrons with the same directional spin, 

which is a quantum impossibility. This “spin restriction” limits O 2 to reduction 

reactions that involve single electron additions. This means that more than one 
reduction reaction is needed to reduce molecular O 2 to H 2 O, and this series of 

reduction reactions produces highly reactive intermediates. 


Oxygen is metabolized at the very end of the electron transport chain, 

where the electrons and protons that have completed the transport process 

are left to accumulate. The complete reduction of molecular O 2 to H 2 0 requires 

rhe addition of four electrons and four protons, as shown in the reaction se¬ 
quence in Figure 3-1. Each metabolite in this sequence is accompanied by an 

orbital diagram to demonstrate the changes occurring at each point in the 
pathway. 


The first reaction adds one electron to O 2 and produces the superoxide 
radical. Note the superscripted dot on the superoxide symbol. This signifies an 


0> + e 


O 


2 


unpaired electron, and it is the conventional symbol for a free radical. The super¬ 
oxide radical has one unpaired electron, and thus is less of a free radical than 
O 2 . Superoxide is neither a highly reactive radical nor a potent oxidant.’ Never- 
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theless, it has been implicated in conditions associated with widespread tissue 
damage, such as the “reperfusion injury* 1 that follows a period of tissue ischemia. 2 

The toxicity of superoxide mav he due to the large daily production of this molec- 

ular species* which is estimated at 1 billion molecules per cell, or 
for a 70 kg adul t human 


1.75 kg (4 lb) 








1 l ie addition <>f one electron to the superoxide radical creates hydrogen 

peroxide (hhCV , which, although not a free radical, is a strong oxidizing agent, 1 


o 2 - + 

Hydrogen peroxide is very mobile and crosses cell membranes easily. It is 
a powerful cytotoxin and is well known for its ability to carnage endothelial 
cells. Although it is not a free radical, it may have to generate a free mdic.il 
(i.e., hydtt vl radical 1 to express its toxicity. 

Hydrogen peroxide is loosely held together by a weak Ch'O: bond (this 

bond is represented by the lower orbital in the orbital diagram for HiCh). This 
bond ruptures easily, producing two hydroxyl radicals (*OH), each with one 

unpaired electron. An electron is donated to one of the hydroxyl radicals, crcat^ 

ing one hydroxyl ion (OH ) and one hydroxyl radical (*OH). The electron is 

donated by iron in its reduced form, Fe(II), which serves as a catalyst for the 
reaction. Iron is involved in many tec radical reactions and i> considered an 
powerful pro-oxidant. The role of transition metals in free radical reactions will 
be discussed again later in the chapter. 


H;D 


+ 2H 




2 


The iron-catalyzed dissociation of H 0 2 proceeds as follows: 


HA + Fe(II) 


OH” + ’OH + Fed 11) 


(Note that Roman numerals are used instead of plus signs to designate the oxida¬ 
tion state of iron, as recommended by the International Union of Chemistry.) 

The hydroxyl radical is the king of free radicals. It is one of the most reactive 

molecules known in biochemistry; that is, it often reacts with another chemical 
species within five molecular diameters from its point of origin. 2 Because of this 
high degree of reactivity, the hydroxyl radical is considered the single most po¬ 
tent oxidizing agent in al; of biochemistry. 


W?E 


The metabolism of oxygen in neutrophils has an additional pathway (not 

shown in Fig. 5-1) that uses a myeloperoxidase enzyme to “chlorinate” H 2 G 
producing hypochlorous acid (hypochlorite). 


2 * 


HA 2 Cl 


2 HOC! 


Copyrighted material 


Section I I Physiology Review 

When neutrophils are activated, the conversion of 0 : to superoxide increases 

20-fold. This ts called the “respiratory burst” (which is an unfortunate term, 

because the increased 0 2 consumption has nothing to do with energy metabo¬ 
lism). When the increased metabolic traffic reaches H 2 O 2 , about 40% is diverted 

to hypochlorite production, and the remainder forms hydroxyl radicals. 6 Hypo* 
chlorite is the active ingredient in household bleach. It is a powerful germicidal 
agent anil requires only milliseconds to produce lethal damage in bacteria. 7 


The final reduction reaction in the metabolism of O 2 involves the addition 
of one electron to the hydroxyl radical. This reaction produces two molecules 
of H;O t as shown below. 


OH" + -OH + e~ + 211 


2 H O 


In summary, the metabolism of one molecule of O 2 requires four chemical 
reactions, each involving the addition of a single electron. This process requires 

four reducing equivalents (electrons and protons), and it produces three poten¬ 
tially toxic chemical intermediates i.e., superoxide radical, H 2 0 2 , and the hy¬ 
droxyl radical >. Under normal conditions, about 98% of Q : metabolism is com¬ 
pleted, and less than 2% of the intermediary metabolites escape into the 
cytoplasm/ This is a tribute to cytochrome oxidase, which carries on the reac¬ 
tions in a deep recess that effectively blocks any molecular escape. 

Once the O 2 metabolites escape the confines of cytochrome oxidase, their 
mobility and toxicity differ. The superoxide radical and H 2 0 2 are mobile but 
nontoxic, whereas the hydroxyl radical is toxic but not very mobile (remember 

the hydroxyl radical reacts within five molecular diameters of its origin, and this 

hinders its mobility). Thus, the more mobile, non toxic oxidants (i.e., 0 2 * and 

H 2 0 2 ) can move readilv and reach distant sites, and once they reach their desti¬ 
nation, they can then generate hydroxyl radicals to produce the tissue injury. 1 
According to this scheme, the superoxide radical and H 2 ' > 2 serve as transport 
vehicles for oxidant injury, and the hydroxyl radical is the actual “hit man” tor 
the tissue injury caused by O 2 metabolites. 










The damaging effects of oxidation are largely the result of free radical reactions. 

I his section describes the two basic types of free radical reactions, that is, those 
involving a free radical and a nonradical, and those involving two free radicals. 


When a free radical reacts with a nonradical, the nonradical loses an elec¬ 
tron and is transformed into a free radical. Therefore, the union of a radical and 

a nonradical begets another radical. Because free radicals are often highly reac- 
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tive in nature, this type of radical-regenerating reaction tends to become repeti¬ 
tive, creating a series of self-sustaining reactions known collectively as a chair 
reaction. 3 The tendency to produce chain reactions is one of the most character¬ 
istic features of free radical reactions (a burning flame is one example of a chain 
reaction involving free radicals). A chain reaction that is capable of producing 

widespread organ damage is described next. 




Oxidative decomposition of polyunsaturated fatty acids (PUFAs) in foods 

produces what is known as “rancidity” in decaying food. 8 This same process of 
lipid peroxidation” is also responsible for oxidative damage ot membrane lipids. 

The lipophilic interior of the cell membranes is rich in PUFAs, and the low 
melting point of these fatty acids may be responsible for the “fluidity” of cell 
membranes. Oxidation increases the melting point of membrane fatty acids and 

reduces membrane fluidity. The membranes eventually lose their selective per- 
meability and become “leaky,” predisposing cells to osmotic disruption. 

The peroxidation of membrane lipids proceeds as shown in Figure T2. The 

reaction sequence is initiated by a strong oxidant like the hydroxyl radical, which 




8 


T . 


mu 


11 




1 










Figure 

The reaction sequence for the peroxidation of polyunsaturated fatty acids (PUFAs) in 

cell membranes. See text for explanation. 
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removes an entire hydrogen atom (proton and electron) from one of the carbon 

atoms in a PUFA. This creates a carb* m-centered radical (C*), which is then 

transformed into an 0 2 -centered “peroxy radical” (COO*) that can remove a 

hydrogen atom from an adjacent fatty acid and initiate a new series of reactions. 

The final “propagation reaction 11 creates a self-sustaining chain reaction that will 
continue until the substrate (i.e., fatty acid) is exhausted or until something 
interferes with the reaction. (The latter mechanism is the basis for the antioxi¬ 
dant action of vitamin E, which is described later.) 


Two radicals can react by sharing electrons to form a covalent bond. This 
eliminates the existence of free radicals but it does not eliminate the risk for 

toxicity. In the example below, the product of a radical-radical reaction is much 
more destructive than both radicals combined. 


Nitric oxide is a free radical that has been placed in a category of its own 

because of its beneficial actions as a vasodilator, neurotransmitter, and bacteri¬ 
cidal agent.* However, despite its favorable reputation, nitric oxide can become 

a problem in the presence of superoxide. The reaction of superoxide (0 2 *) with 

nitric oxide (NO*) generates a powerful oxidant called perox ini trite, which is 

2000 times more potent than H : 0 2 as an oxidizing igent. 

ONOOO (peroxynitrite) 

Perox ini trite can either cause direct tissue damage, or it can decompose to form 

hydroxyl radicals and nitrogen dioxide, which then produce tissue injury. This 
transformation of nitric oxide from a beneficial free radical into a source of oxi¬ 
dant injury demonstrates how 0 2 metabolites (0 2 * in this case) can promote 

oxidant injury indirectly, by changing the character of the chemical environ¬ 
ment. 


10 


NO** + O 


2 










Any chemical species that can reduce or delay the oxidation of a substrate is 
called an antioxidant.* Most aerobic organisms have a host of endogenous anti¬ 
oxidants that protect the organism from oxidant injury. Evidence for endogenous 
antioxidant protection is provided by the simple observation that the moment 
of death (when antiodxidant production ceases) is marked by an accelerated rate 

of decay in the carcass. This section will present the chemical substances that 

play a major role in this protection (Table 3-1). 






Three enzymes function as antioxidants, and each is shown in Figure 3- 
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Action(s) _ 

A cofactor for glutathione 
peroxidase 


Antioxidant 


Comment _ 

Although an essential nutri¬ 
ent, is not routinely provided 

in feeding formulas. Can be 

given IV as sodium selenite. 

RDA in humans is 
ng/<*.__ 

A major intracellular antioxi¬ 
dant. Synthesized de novo in 

cells and does not readily 

cross cell membranes. 


Selenium 


70 


Glutathione 


A reducing agent by virtue 

of an SH group on its cyste 

ine residue 


Crosses cell membranes. Has 


A/-Acety I cysteine 


A commercially available mu 
colytic agent that acts as a 
glutathione analog 


proven effective as an exoge¬ 
nous source of glutathione in 

of acetaminophen poi¬ 


soning. 


The major antioxidant for oxi 

dant injury in lipid-laden 

structures. 


Blocks propagation of lipid 

peroxidation in cell mem¬ 
branes. 

A reducing agent normally. 
Can act as a pro-oxidant by 

maintaining iron as Fe(ll). 


Vitamin 


A major extracellular antioxi¬ 
dant. Use in the critically ill 
may be limited by its ability 
to act as a pro-oxidant. 

Ceruloplasmin accounts for a 
majority of the antioxidant 

activity in plasma. 


Vitamin C 


1. Ceruloplasmin 

2. Transferrin 

3. Albumin 

4. Uric acid 


Major antioxidants in plasma. 

Most act by binding free iron 
and copper. Albumin is a po¬ 
tent scavenger of hypochlo¬ 
rite. 








Superoxide d ismutase (SOD) is an enzyme that facilitates the “dismutation” 
ot superoxide radicals to form H 2 0 2 . Because SOD promotes the formation of 
an oxidant (i.e., H 2 O 2 ), its role as an antioxidant has been questioned. In fact, 

when SOD promotes the formation of H : Oj, but the catalase and peroxidase 

enzymes (described below) are unable to reduce the H 2 0 2 to H 2 0, then SOI) 
will serve as a “pro-oxidant” rather than an antioxidant. 11 Thus, exogenously 
administered SOD is not advised unless the stores of the other enzyme antioxi¬ 
dants are adequate. 


Cat ilase is an iron-containing heme protein that reduces H 2 0* to H 2 0. It 
is present m most cells hut is lowest in cardiac cells and neurons. Inhibition of 
the catalase enzyme does not enhance the toxicity of H 2 0 2 for endothelial cells, i: 

so the role of this enzyme as an antioxidant is unclear. 
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The actions of three antioxidant enzymes and a free radical scavenger. Reaction 

quence depicts oxygen metabolism, as shown in Figure 3-1. Cofactors for superoxide 

dismutase are iron (Fe), zinc (Zn) f and copper (Cu), but are never present as a triad 

on the 

duced glutathione. GSSG, oxidized glutathione 


enzyme. Cofactor for glutathione peroxidase is selenium (Se). GSH, re 

dipeptide. 






ran 

L. - . 




1 




The peroxidase enzyme reduces H 2 0 2 to H 2 0 by removing electrons from 
glutathione in its reduced form and then donating the electrons to H 2 0 2 . The 
peroxidase reaction can be written as follows: 


2 H 2 0 + GSSG 


HA + 2 GSH 


where GSSG and GSH are oxidized and reduced glutathione, respectively. 


The activity of the glutathione peroxidase enzyme is dependent on the trace 

element selenium. Selenium is an essential nutrient with a recommended dietary 

allowance (RDA) of 70 pg/d for men and 55 pg/d for women. The absence 

of dietary selenium produces measurable differences in glutathione peroxidase 

activity after just 1 week, 
fied. However, selenium, has no clear-cut deficiency syndrome, and this creates 

little impetus to provide selenium as a nutritional supplement on a routine basis. 

j(id note: Selenium deficiency is commonly recognized in sheep and cattle as ''white muscle disease, 
a serious, often fatal disease of striated muscled 


i 


the routine administration of selenium seems justi 
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Selenium status can be monitored with whole blood selenium levels. The 

normal range (in humans) is 0.5 to 2.5 mg/L. Selenium can be provided intrave- 

nously as sodium selenite. 1 * The highest daily dose that is considered safe (in 
humans) is 200 Jlg/d, given in divided doses: that is, 50 Ug IV q 6 h. 
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In addition to the enzyme antioxidants just presented, there are a host of 
nonenzyme substances that serve as endogenous antioxidants. These are listed 

in Table 3- i. 




r 


L-l 


One of the major antioxidants in the human body is glutathione, a tripep- 

tide (glycine-cysteine-glutamine) found in molar concentrations (0.5-10 mM/ 
L) in most cells. 16,17 Glutathione acts as a reducing agent by virtue of the sulfhy- 
dryl group in its cysteine residue. It is normally in the reduced state (GSH), and 
the normal ratio of reduced to oxidized forms is 10:1. The major antioxidant 
action of glutathione is to reduce H 2 O 2 directly to HjO. This diverts H 2 O 2 from 

producing the highly toxic hydroxyl radicals. Glutathione is found in all organs 
but is particularly prevalent in the lung, liver, endothelium, and intestinal mu¬ 
cosa. It is primarily an intracellular antioxidant, and plasma levels of glutathione 

are three orders of magnitude lower than intracellular levels. 

Glutathione does not cross cell membranes directly. It is synthesized in 
every cell of the body and largely remains sequestered within cells. Glutathione 

administered exogenously thus has little effect on intracellular levels, 18 and this 
limits the therapeutic value of this agent. 








N-Acetylcysteine (NAC) is a glutathione analogue that is used as a muco¬ 
lytic agent (Mucomyst). The benefit of NAC is its ability to readily cross cell 
membranes (unlike glutathione), which makes NAC a potentially valuable treat¬ 
ment for glutathione-deficient states. In fact, NAC has proven effective in treat¬ 
ing acetaminophen toxicity, which is the result of an overwhelmed glutathione 

detoxification pathway. 

It is also possible that NAC will prove valuable as an antioxidant for thera¬ 
peutic use in a variety of other conditions. It has been shown to protect the 
myocardium from ischemic injury and has been successful in reducing the inci¬ 
dence of reperfusion injury during cardiac catheterization. 19 It has also been used 

with some success in treating critically ill patients with acute respiratory distress 

syndrome and inflammatory shock syndromes. 


20,21 


Vitamin E (ct-tocopherol) is a lipid-soluble vitamin that antagonizes the 

peroxidative injury of membrane lipids. 22 In fact, vitamin E is the only antioxi- 
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The "chain-breaking* action of vitamin E that terminates lipid peroxidation in cell 
membranes. Free radicals indicated by superscripted dots, as before. See text for ex 

planatfon. 


dant capable of halting the propagation of lipid peroxidation. The mechanism 
for this action is shown in Figure 3'4. Vitamin E is present in the lipophilic 

interior of cell membranes, which is rich in oxidizable PUFAs. When a propagat¬ 
ing wave of lipid peroxidation reaches vitamin E, it transforms the vitamin E 

into a ee radical that is poorly reactive. This reaction thus spares the adjacent 
PUFAs from oxidation and halts the propagation of the peroxidation reactions. 

In this capacity, vitamin E acts as a “chain-breaking” antioxidant. When the 
vitamin E radical is formed, it must be transformed back to vitamin E, and this 
reaction uses vitamin C as the electron donor. 'Oierefore, vitamin C deficiency 
can hinder the ability of vitamin E to act as an antioxidant. 




Vitamin C (ascorbic acid) is a reducing agent that can donate electrons to 
free radicals and fill their electron orbitals. It is a water-soluble antioxidant and 
operates primarily in the extracellular space. Vitamin C is found in abundance 

in the lung, where it may plav a protective rule- in inactivating \ illutants that 

enter the airways. This would he a valuable I unction in ventilator-dependent 
subjects, whose airwavs .ire constantly bombarded with CT-rich gas mixtures. 

Tlie problem with vitamin C is its tendenc to promote (rather than retard) 
the formation of oxidants in the presence of iron and copper 
reduces iron to the i : e(Il) state, and this normally aids in the absorption of iron 

from the intestinal tract. However, Fe(ll) can promote the production of hy¬ 
droxyl radicak, as described earlier. Thus, vitamin Cl can function as a pro- 

oxidant by maintaining iron in its reduced or Fe(Il) state. The reactions involved 
are shown below 


Vitamin C 


Ascorbate + Fe(lll) 

Fe(II) + H 2 O z 


Fe(JI) b Dehydroascomate 

OH + OH" 4 Fe(III) 
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Several conditions that are common in the critically ill can promote an increase 

in free iron. Among these are inflammation, blood transfusions, and reductions 

in iron-binding proteins. The prevalence of these conditions raises serious con* 
cems about the use of vitamin C as an exogenous antioxidant in the K 'U. 




a 




i i 


The plasma components with antioxidant activity are listed at the very 

bottom of Table 3-1. Most of the antioxidant activity in plasma can be traced 
to two proteins that make up only 4% of total plasma protein pool: ceruloplasmin 
(the copper transport or storage protein) and transferrin. 24 Transferrin hinds iron 

in the Fe(Hl) state, and ceruloplasmin oxidizes iron from the f J e(II) to Fo(III 

state. Therefore, ceruloplasmin helps transferrin to bind iron, and both proteins 
then act to limit free iron in plasma. For this reason, iron sequestration has been 
proposed as the major antioxidant activity in plasma. 25 This is consistent with 
the ability of Fe(Il) to promote free radical production, as shown in Figure 3-1. 






n* 


Ik 


L 


The riv of oxidation-induced tissue injury is determined by the balance between 

the activities of oxidant and antioxidant compounds. When oxidant activity 

exceeds the neutralizing capacity of the antioxidants, the excess or unopposed 
oxidant activity can promote tissue injury. This condition of unopposed biologic 

oxidation i> known as oxidant stress 




i:[ 




WvKL-n 


Oxidant stress has been implicated in the pathogenesis of more than 100 
clinical diseases, 2 ' and the ones most likely to be encountered in the ICU are 
listed in Table 3-2. Unopposed biologic oxidation (i.e., oxidant stress) has been 

documente 1 in each of these clinical conditions in humans 
reason to f>elicve that the situation is am different in animals. 


and t oe re is no 






Most of the clinical conditions in Table 3-2 are accompanied by inflamma¬ 
tion, and the conditions with multiorgan involvement are often associated with 

a progressive, systemic inflammatory response. As a result, inflammation has been 

proposed as a principal offender in pathologic forms of oxidant injury. The re¬ 
lease of free radicals from activated neutrophils and macrophages creates an 
oxidant-intense environment, and the ability of host cells to withstand this “oxi¬ 
dative assault” may be the important factor in determining the clinical course 

of inflammatory conditions. In the desirable world, leukocyte-derived oxidants 
would annihilate all invading microbes but would spare the host cells. In the 

undesirable world, die inflammatory oxidants would destroy both the invader 

and the host. This proposed scheme is intuitively appealing and emphasizes the 
value of antioxidant therapy in inflammatory illnesses. 
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Clinical Conditions 


Comments 


lung is vulnerable to 


Lung 


1. ARDS 

2. Asthma 

3. Acid aspiration 

4. Pulmonary 0> toxicity 


oxidant injury from two di 

rections: the airways and 
the pulmonary capillaries. 


t. Acute myocardial in¬ 
farction 

2. Reperfusion injury 

3. Cardiomyopathy 

1. Stroke 

2. Traumatic brain injury 

3. Postresuscitation injury 

4. Spinal cord injury 


Oxidant injury may play a 


Heart 


role in the "stunned myo 


cardium" associated with 


re perfusion injury. 


Nervous system 


Because 
tern is rich in lipids, it is vul 


nervous sys 


Gastrointestinal tract 


1. Peptic ulcer disease 


The gut is susceptible to re 
perfusion injury, possibly 
due to an abundance of 

xanthine oxidase, which 

generates superoxide radi¬ 
cals during periods of is¬ 
chemia. 

Iron and hydrogen perox¬ 
ide may have important 

roles in oxidant injury of 

the kidneys. 


2. Stress ulceration 


3. Intestinal ischemia 


Acute renal failure due to: 

1. Aminoglycosides 

2. Ischemia 

3. Myoglobinuria 

1. Multiorgan failure 

2. Multisystem trauma 

3. Septic shock 

4. Thermal injury 


Kidneys 


Multiple organs 


The systemic 


response plays a major role 
in the oxidant injury in 
these conditions. 


# Includes only conditions likely to be seen in the CCU 
ARDS, acute respiratory distress syndrome. 


The tendency for aerobic metabolism to generate toxins is a concern that 
deserves more attention because it has significant implications for the appro- 
priate method of providing metabolic support in critically ill patients. When 
mctahohcally generated oxidants are overwhelming the body's antioxidant de¬ 
fenses, the common practice of supporting metabolism by promoting the avail¬ 
ability of Oi and nutrients will only serve to generate more toxic metabolites. 
The proper maneuver here is to support the antioxidant defenses. This approach 
adds another dimension to the concept of metabolic support by considering the 
output side of metabolism and the value of eliminating the cell injury induced 
by metabolically generated toxins. Remember that metabolism is an engine (i.e., 
an energy converter), and like all engines, it has an exhaust that contains nox¬ 
ious by-products of combustion. The exhaust from an automobile engine adds 

pollutants to the atmosphere; the exhaust from a metabolic engine adds pollut¬ 
ants to the “biosphere. 


ti 
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The gastrointestinal (Gl) mucosa forms a barrier between the body and a lumenal 
environment* which not only contains nutrients, but also is laden with poten¬ 
tially hostile microorganisms and toxins. The challenge is to allow efficient trans¬ 
port of nutrients across the epithelium while rigorously excluding passage of 

harmful molecules and organisms. The exclusionary properties of the gastric and 

intestinal mucosa are referred to ; s the “gastrointestinal barrier. 

It is clear that a number of primary Gl diseases lead to disruption of the 
mucosal barrier, allowing escalation to systemic disease. It is equally clear that 

many systemic disease processes result in damage to the Gl barrier, thereby add¬ 
ing further insult to an already compromised system. Understanding the nature 

of the barrier can assist in predicting such events and aid in prophylactic or 

active therapies. 
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Sheets of epithelial cells that form the defining structure of the mucosa line 
the alimentary canal. With few exceptions, epithelial cells in the stomach and 
intestines are circumferentially tied to one another by tight junctions, which 

seal the paracellular spaces and thereby establish the basic barrier. Throughout 

the digestive tube, maintenance of an intact epithelium \> thus critical to the 
integrity of the barrier. In general, toxins and microorganisms that are able to 
breach the single layer of epithelial cells have unimpeded access to the systemic 

circulation. 
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The Gl epithelium is populated by a variety of functionally mature cells 
derived from proliferation of stem cells. Many of these cells, including mucous 
cells in the stomach and absorptive cells in the small intestine, show rapid turn¬ 
over rates, and maintenance of epithelial integrity thus requires a precise balance 
between cell proliferation and cell death. 

In the epithelium of the stomach, stem cells in the middle of the gastric 
glands proliferate to repopulate mucous neck and surface cells, which are re¬ 
placed every 2 to 4 days. The same stem cells probably are also the source of 
parietal, chief (pepsinogen-secreting) and G (gastrin-secreting) cells that popu- 

late the lower reaches of the glands. 
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Extrinsic harrier functions are secretions and other influences that are not 
physically part of the epithelium* These attributes likely have the greatest poten¬ 
tial for therapeutic manipulation. 


The entire GI epithelium is coated with mucus, which is synthesized by 
cells that form part of the epithelium. Mucus serves an important role in mitigat¬ 
ing shear stresses on the epithelium and contributes to barrier function in several 

ways. The abundant carbohydrates on mucin molecules bind to bacteria, which 

aids in preventing epithelial colonization and, by causing aggregation, accelerates 

clearance. Diffusion of hydrophilic molecules is considerably lower in mucus 

than in aqueous solution, which is thought to retard diffusion of a variety ot 
damaging chemicals, including gastric acid, to the epithelial surface. 

In addition to being coated with a mucous layer, gastric and duodenal epi¬ 
thelial cells secrete bicarbonate ion on their apical faces. This serves to maintain 
a neuti il pH along the epithelial plasma membrane, even though highly acidic 
conditions exist in the lumen. 

inally, most of the GI tract is bathed in secretory immunoglobulin A (IgA). 
This class of antibody is secreted from suhepithelial plasma cells and transcytosed 
across the epithelium into the lumen. Lumenal IgA provides an antigenic barrier 
by binding bacteria and other antigens. Importantly, this barrier function is spe¬ 
cific for particular antigens and requires previous exposure for development of 
the response. 


Normal proliferation of gastric and intestinal epithelial cells, as well as pro¬ 
liferation in response to injury such as ulceration, is known to be affected by a 
large number of endocrine and paracrine factors. 

Prostaglandins, particularly prostaglandin E 2 and prostacyclin have long 

been known to have “cytoprotective” effects on the GI epithelium. A common 
clinical correlate in many mammals is that use of aspirin and other nonsteroidal 

anti-inflammatory Jmgs (NSAIDs), which inhibit prostaglandin synthesis* are 

commonly associated with gastric erosions and ulcers. Dogs and cats are particu¬ 
larly sensitive to this side effect. Prostaglandins are synthesized within the mu¬ 
cosa from arachidonic acid, through the action of cyclooxygenases. Their cyto- 
protective effect appears to result from a complex ability to stimulate mucosal 
mucous and bicarbonate secretion, to increase mucosal blood flow and, particu¬ 
larly in the stomach, to limit hack diffusion of acid into the epithelium. Consid¬ 
erable effort is underway to develop NSAlDs that fail to inhibit mucosal prosta¬ 
glandin synthesis. 

Two peptides that have received attention for their potential role in barrier 
maintenance are epidermal growth factor (EGF) and transforming growth factor- 

ot (TGF-a). EGF is secreted in saliva and from duodenal glands, and I GF-a is 
produced Ijy gastric epithelial cells. Both peptides hind to a common receptor 

and stimulate epithelial cell proliferation. In the stomach, rhey also enhance 
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mucous secretion and inhibit acid production. Other cytokines such as fibroblast 

growth factor and hepatocyte growth factor enhance healing of G1 ulcers in 

experimental models. 

Trefoil proteins are a family of small peptides that are secreted abundantly 

by goblet cells in the gastric and intestinal mucosa and coat the apical face of 
the epithelial cells. Their distinctive molecular structure appears to render them 
resistant to proteolytic destruction. A number of studies have demonstrated that 

trefoil peptides play an important role in mucosal integrity and repair of lesions, 
and in limiting epithelial cell proliferation. They have been shown to protect 

rhe epithelium from a broad range of toxic chemicals and drugs. Trefoil peptides 

also appear to be a central player in the restitution phase of epithelial damage 
repair, where epithelial cells flatten and migrate from the wound edge to cover 
denuded areas. Mu e with targeted deletions in trefoil genes showed exaggerated 

responses to mild chemical injury and delayed mucosal healing. 

Another molecule that plays a crucial role in mucosal integrity and barrier 
function is nitric oxide (NO). Paradoxically, NO also contributes to mucosal 

injury in a number of digestive diseases. This molecule is synthesized from argi- 
nine through the action of one of three isoforms of nitric oxide synthease (NOS). 
Much of the clinical research in this area has focused on understanding the 

effects of applying NO donors such as glyceryltrinitrate or NOS inhibitors. In 
several models, NO donors significantly reduced the severity of mucosal injury 
induced by toxic chemicals (e.g., ethanol) or associated with ischemia and reper- 
fusion. Similarly, healing of gastric ulcers in rats has been accelerated by applica¬ 
tion of NO donors. Another intriguing observation is that coadministration of 
NO donors and NSAlDs results in anti-inflammatory properties comparable to 

NSAIDs alone, but with less damage to the GI mucosa. NOS inhibitors are 

under investigation for treatment ot situations in which NO is overproduced 

and contributes to mucosal injury. 


• t 






An important part of barrier function is to prevent transit of bacteria from 

the lumen through the epithelium. Paneth cells are epithelial granulocytes lo¬ 
cated in small intestinal crypts of many mammals. They synthesize and secrete 

several antimicrobial peptides, chief among them isoforms of a-defensins known 

also as cryptdins (“crypt defensin”)- These peptides have antimicrobial activity 

against of number of potential pathogens, including several genera of bacteria, 

some yeasts, and Gumiia trophozoites. Their mechanism of action is likely similar 

to neutrophilic a-defensins, which permeabilize target cell membranes. 






Varying degrees of damage to the Gl harrier due to ischemia and reperfusion 
injury is a common and serious condition in many critical care patients. Ischemia 
occurs when blood flow is insufficient to deliver an amount of oxygen and nutri- 
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ents necessary tor maintenance of cell integrity. Reperfusion injury occurs when 

blood flow is restored to ischemic tissue. 


Gastrointestinal ischemia results front two fund imental types of disorders. 


Nonocclusive ischemia results from systemic 


shock, sepsis, or cardiac insufficiency. Occlusive ischemia refers to conditions 
that directly block the vascular system of the Gl tract, such as strangulation, 

volvulus, or embolism. In both cases, the epithelial barrier can be compromised, 
most likely due to direct effects of tissue hypoxia. 

Reperfusion injury to the Gl wall, especially the mucosa, is thought to be 
due primarily to generation of reactive oxygen species, including superoxklc, 
hydrogen peroxide, and hydroxyl radicals (see Chapter 3). These oxu Hants are 
generated within the mucosa and also in the numerous local leukocytes activated 
during the course of ischemia. 

Oxygen-derived free radicals generated during reperfusion initiate a series 

of events that causes mucosal damage and disruption of the harrier. They directly 
damage cell membranes by forming lipid peroxides, which also leads to produc¬ 
tion of a number of inflammatory mediators derived from phospholipids (e.g., 
platelet-activating factor and leukotrienes). These proinflammatory agents func¬ 
tion as i hemoattractants for neutrophils, which migrate into the mucosa, release 
their own reactive oxygen metabolites, and cause further damage to the intrinsic 

epithelial barrier. An initially minor 

significant damage to harrier function. Additionally, the inflammatory mediators 
generated in the Gl tract can harm distant tissues. 

The observed effects of ischemia-reperfusion injury range from increased 

vascular permeability and consequent subepithelial edema, to massive loss of 

epithelial cells and villi. Even relatively mild damage to the epithelium disrupts 
barrier function and can lead ro translocation of bacteria and toxins from the 


is thus amplified into 


lumen into the systemic circulation. A number of treatments are being developed 
and tested to prevent this cascade of damage, including application of antioxi¬ 
dants such as superoxide dismutase and use of drugs such as platelet-activating 
factor antagonists to block the effect of inflammatory mediators. 


Diverse insults to the intestinal mucosa, including infectious processes, is¬ 
chemia, and damaging chemicals, promote infiltration of neutrophils. This com¬ 
mon end-point results because many types of injuries lead to local production 
of neutrophil chemoattractants such as leukotrienes, interleukins, and activated 
complement components. In response to chemoattractants, neutrophils migrate 
out of capillaries, infiltrate the subepithelial mucosa, and often transmigrate 

through the gastric or intestinal epithelium. In crossing the epithelium, neu¬ 
trophils must break junctional complexes between epithelial cells. This 

“impalement*’ through tight junctions necessarily causes transient increases in 

permeability. When the insult is minor, the junctions reseal quickly, but transmi¬ 
gration of large numbers of neutrophils induces significant damage to barrier 

function. In addition ro physically disrupting epithelial connections, infiltrating 
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neutrophils themselves release reactive oxygen species and proteases that accen- 

tuate the damage to the epithelium and microvasculature. Blocking or sup* 

pressing the infiltration of neutrophils with such treatments as antibodies to 
integrins and other cell adhesion molecules may aid in protecting the mucosal 
barrier* but would likely have to be administered early in the course of disease. 




r} 


Stress comes in a myriad of forms and is an integral part of all illness and 

trauma. The response to stress involves modulation of literally dozens of hor- 

mones and cytokines, as well as significant effects on neurotransmission. How¬ 
ever. the foremost effect of stress is to decrease mucosal blood flow and thereby 

compromise the integrity of the mucosal barrier. Among other things, reduced 

mucosal blood flow suppresses production of mucus and bicarbonate and limits 
the ability to remove back-diffusing protons. As a consequence, significant stress 

is almost always associated with mucosa erosions, particularly in the stomach. 

■ majority of the>e lesions are subc inical, but Gl hemorrhage and sepsis are 

not infrequent consequences. 
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The critical first task following disruption of the GI epithelium is to cover 

the denuded area and re-establish the intrinsic barrier. A process called restitu¬ 
tion accomplishes this rapid restoration of epithelium; epithelial cells adjacent 
to the defect flatten and migrate over the exposed basement membrane. In the 

small intestine, this process is aided by a rapid contraction and shortening of 
the affected villi, which reduces the area of basement membrane that must be 

covered. 


Restitution provides a rapid mechanism for covering a detect in the barrier 

and does not involve proliferation of epithelial cells. It results in an area that, 

while protected, is not physiologically functional. Healing requires that the epi¬ 
thelial cells on the margins of the defect proliferate, differentiate, and migrate 
into the damaged area to restore the normal cellular architecture and function. 

Restitution has been shown to be stimulated by a number of mostly para¬ 
crine regulators. Local prostaglandins and trefoil proteins are clearly involved in 
this process, and suppression of their production significantly delays restitution. 

Another group of molecules involved in restitution includes the poly amines such 

as spermine, spenmdine, and putrescine. These molecules are present in many 
diets and also synthesized by the Gl mucosa. Enteral administration of poly¬ 
amines has been shown in experimental models to accelerate restitution and 

healing of mucosal lesions. 
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All cells in living organisms can potentially communicate with each other in 
distance and time. They synthesize and release a wide array of chemically diverse 
signaling molecules, such as neurotransmitters, growth factors, cytokines, and 

hormones. These molecules reach a concentration in the extracel ular fluid sur¬ 
rounding target cells that is sufficient to trigger cellular responses. Receptors 

allow cells to recognize specific extracellular signaling molecules, which we will 
henceforth refer ro as enhugerums ligands . Information encoded in the ligand' 
receptor recognition event is subsequently conveyed to the interior of the cell 

where it is transduced and amplified, resulting in altered cellular function. 

Many drugs used in critical care medicine are, in essence, chemical analogs 

of endogenous ligands that have accepted therapeutic utility. Drugs acting as 

agonists stimulate receptors and produce biologic responses of varying magni- 

tudes. Nearly all known endogenous ligands act as agonists. Minor modifications 

in a ligand or drug molecule can diminish its abili y to produce a maximal acti- 

vat ion; in other words, drug agonism exists on a continuum. Drugs interacting 
with a common receptor that produce suhmaximal activation are termed partial 
agonists, and drugs capable of occupying a receptor but incapable of producing 

a biologic response are termed antagonists. Drugs acting as competitive antagO' 

nists have great clinical importance as reversal agents (such as naloxone does 
in reversing the respiratory depressant action of morphine at opioid receptors) 
or in interrupting the actions of endogenous agonists (such as vecuronium does 
to acetylcholine neurotransmission at nicotinic cholinergic receptors). 

\\ws chapter is intended to update the clinician in some recent advances 

and evolving concepts that are occurring in the field of receptor biology, particu¬ 
larly in the context of the criticalh ill patient. The drug-receptor concept and 
its theoretics! underpinnings were formulated b ginning in the late 19th centu 
and continue to undergo revisions as new information is obtained. Receptors are 

now defined functionally by strict pharmacologic criteria, that is, by relative 

potencies of agonists, selective antagonism, and stereoselectivity. Under this 
definition, it is important to note that many important drug targets are not recep¬ 
tors in the pharmacologic sense. Some examples of commonly used drugs or drug 

classes that do nor act through receptors to produce their effects are listed in 

Table 5-1. Properly functioning receptors and their associated signal transduc 
tion pathways are critical for homeostasis and health. They may be inappropn 
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Representative Drugs That Do Not Act 


or 


Wide variety of bacterial enzymes and 

transport molecules 

Angiotensin-converting enzyme 
Voltage-gated cardiac ion channels 

Sodium-potassium ATPase 

Serotonin transport protein 
Renal ion transport proteins 


Antibiotics 


Captopril, enalapril 

Cardiac antiarrhythmic drugs 

Cardiac glycosides 
Fluoxetine (Prozac) 

Furosemide, thiazides, and related di 

u reties 
Local anesthetics 

Methyl xanthines, such as theophylline 
Neostigmine; edrophonium 

Nonsteroidal anti-inflammatory drugs 

Omeprazole 

Plasma volume expanders 


Voltage-gated sodium channel 

Phosphodiesterase enzymes 

Acetylcholinesterase 

Cyclooxygenase enzymes 

Hydrogen-potassium ATPase 

Blood 


ately activated or unresponsive in the critically ill patient. Not only do receptors 

play a key role in the pathophysiologic underpinnings of several diseases, they 
offer us the ability to modify a wide variety of disease processes. 






Receptors that arc coupled to intracellular guanine nucleotide-binding pro¬ 
teins, the so-called G-protein-coupled receptors (GPCRs) constitute a large su¬ 
perfamily of glycoproteins that consists of some 1000 to 2000 members. Although 

individual GPCRs specifically recognize a particular molecule or small group of 

chemically related molecules, as a whole this superfamily of receptors is activated 
by a wide variety of substances ranging from large proteins (thrombin) to small 
soluble chemicals (epinephrine) and even subatomic particles (photons). 1,2 Nev¬ 
ertheless, GPCRs have several structural characteristics in common. Perhaps the 

most striking characteristic is their seven transmembrane domains, which anchor 

the receptor protein in a cell plasma membrane (Fig. 5-1). These transmembrane 

domains are clustered together within the membrane, and in many receptors, 
these domains form a hydrophilic pocket that is in contact with the extracellular 

fluid. The amino \N -terminus of GPCRs is located extracellularly, as are three 

smaller extracellular loops. Amino acids within these extracellular remote and 

hydrophilic pocket often form a binding region for a receptor’s particular endoge¬ 
nous ligand. 

Similar to the extracellular face of GP( l\s, the intracellular surface of 
GPCR contains a long carboxy (C)-terminus and three intracellular loops. These 
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Figure 5-1 

Model of G-protein-coupled receptor activation. Agonist is depicted by oval and in 
tracellular G-protein subunits are shown. See text for details. 


loops are generally quite short, but in some GPCRs the third intracellular loop 
can be quite long. The intracellular regions of GPCR interact with a hetero- 

trimeric molecule, consisting of a, p, and y subunits. The a subunit is a guanine 
nucleotide-binding protein (G-protein). In addition to binding guanosine tri- 
phi>sphate (GTP), it has the ability to enzymatically convert GTP to guanosine 
diphosphate (GDP); that is, it has GTPase activity. 4 There are approximately 

20 distinct a subunits, divided into three major classes (G it G„ and G^u). In 
addition, there arc about S p subunits and 1 1 y subunits. It is the a subunit 

that deteimines the specificity of the interaction between the G-protein and the 

a particular GPCR 

determine which type(s) of G-protein will interact with the receptor and there¬ 
fore what downstream effector pathways will he affected. 

Rinding of an endogenous ligand or an agonist drug to the extracellular 

binding domain of a GCPR will change the conformation of the receptor. This 
conformational change is conveyed across the cell membrane and induces the 

G protein a subunit to exchange a molecule of GDP, already hound to the 
subunit, for GTP. GTP binding to the a subunit results in the dissociation of 
the G protein into two separate proteins: an a subunit and a P/y subunit. Both 
of these proteins then carry out a wide variety of preprogrammed responses 
through a wide diversity of effector systems (t.e., enzymes in biochemical path¬ 
ways, ion channels, etc.) that modulate cellular function. Stimulated receptors 
are able to activate multiple G-proreins, which greatly amplifies the small signal 

produced by the agonist-receptor interaction. 6 The heterotrimeric G-proteins are 
activated tor only a short period of time, however. The intrinsic GTPase activity 

of the a subunit eventually hydrolyzes GTP to GDP. When this subunit enters 

the GDP bound form, it reassociates witli the p/y subunits. The reassembled G- 
protein is then ready to interact with another GPCR. 

The G-protein-coupled receptors are linked to a variety of intracellular 

second messenger pathways, chiefly through the a subunit. The G, class of a 
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subunit (G v ) stimulates the enzyme adenylate cyclase, which catalyzes the pro- 
duct ion of the second messenger molecule cyclic adenosine monophosphate 


mediates many cellular functions, most of which are the rest 1 1 of the activation of 

protein kinase A (FKA). The a subunits of the G^n class mediate the release 

of another major second messenger molecule, calcium. Calcium affects cellular 
processes by binding to enzymes directly or via the calcium-binding protein cal- 

modulin. Together, effector pathways linked to cAMP and calcium underlie the 
effects mediated by a large number of GFCRs. In addition to the a subunit, the 
P/y subunits also appear to activate a significant number of effector systems, 

including cell membrane ion channels.* Within any given tissue, the ability of 
the agonist ^receptor interaction to produce a maximal effect depends on the 

number of receptors available to recognize an agonist as well as the levels of G- 
proteins and downstream second messenger molecules that are linked to receptor 
stimulation. 7 


To function properly, all cells in the body must maintain an electrical po¬ 
tential (“voltage**) across their plasma membranes. In excitable cells, such as 

neurons and muscle cells, the membrane potential can undergo transient depo- 

larization, which, if it attains a sufficient magnitude, is propagated along the 
length of the cell. These “action potentials’* can affect major cellular functions, 
such as the telease of neuro transmitters or muscle contraction. Action potentials 
are produced after the excitable cell membrane reaches a threshold for depolar¬ 
ization; such depolarizations are often mediated by ligand-garcd ion channels. 

Agonist binding to these receptors is associated with ihe production of an ionic 
current across the cell membrane, leading to a change in membrane potential. 
The ability to recognize a particular endogenous ligand or drug molecule mal es 
these ion channels distinct from many other types of ton channels, and this is 
one characteristic that defines them as receptors. Some of these receptors allow 
cations to enter the cell, resulting in membrane depolarization, which in turn 
may lead to the production of an action potential. An example of this type 
of receptor is the nicotinic cholinergic receptor present in skeletal muscle and 
autonomic ganglia. These receptors conduct cations across cell membranes after 
binding to two acetylcholine molecules; the resulting action potentials evoke 
muscle contraction and transmitter release from ganglia, respectively. Glutamate 

receptors in the central nervous system also conduct cations; these receptors are 

blocked by certain sedatives and dissociative anesthetics such as barbiturates or 

ketamine. Another class of ion channel receptors is permeable to anions; cur* 
rents mediated by them tend to stabilize the membrane potential, inhibiting 

cellular activation. An example of this type of ion channel receptor is the A 
subtype of the y-aminohutyric acid (GABA a ) receptor. After GABA hinds to 
it, the receptor permits the influx of chloride ions, causing neuronal inhibition. 
Benzodiazepines and barbiturates, respectively, modulate the frequency at w'hich 

the chloride channel opens and the duration of time the channel remains open 
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Figure 5-2 

Model for ion channel receptor showing activation of a sodium conductance after 

drug (oval) binding. See text for details. 


in response to GABA. As is the case with many drugs that interact with ion 
channel receptors, barbiturates and benzodiazapines bind to GABA a receptors 
at sites distinct from the binding site for the endogenous ligand, GABA. 

Both classes of receptor proteins are composed of five subunits, with a pore 
in the center that allows ions to selectively pass through when agonist is bound 
(Fig. 5-2). The endogenous ligands for these receptors are generally small mole¬ 
cules, which, after their release into the extracellular fluid, are quickly removed 
by enzymes or transport proteins. Ion channel receptors are unique in that their 

activation has an immediate and direct effect on cellular function. The cellular 

consequences of ion channel receptor stimulation, that is, the flux of millions 
of ions across the cell membrane in a short period of time, occur within millisec¬ 
onds of agonist binding, whereas agonist effects mediated by GPCRs are detected 

in seconds to minutes. 


Although GPCRs are often linked through G-proteins to enzyme-catalyzed 

bu>chemical cascades that serv e to amplify the agonist-receptor binding event, 

other families of receptor proteins contain an intrinsic enzymatic activity within 
their amino acid sequence. These receptors are often divided into two groups: 
the receptor tyrosine kinases (RTKs) and the guanylyl cyclases (GCs). The GCs 
can be further classified as soluble and membrane-bound forms; the soluble GC 
will be discussed later.® Unlike GPCRs, these two classes of receptor proteins 

pass through the cell membrane only once. Like GPCRs, they have an extracellu¬ 
lar N-terminus that is involved in the binding of their respective endogenous 

ligands Moreover, their C-termini are located on the intracellular side of the 

cell membrane; some amino acids in the C-terminus form a catalytic domain 

and others can associate with several intracellular proteins involved in signal 
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Figure 5- 

Model of enzyme-linked receptor with one transmembrane domain. Agonist (right 
oval) binding induces receptor homodimerization and intracellular catalytic activity. 
The model is pertinent to both guanylyl cyclase rceptors and receptor tyrosine (tyr) 

kinases. 
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The gaseous transmitter substance, nitric oxide (NO), has an important 

role in vasodilation, neurotransmission, ami immune function, and, when pn> 

duced in high concentrations, it can act as a free radical in host defense pro* 
cesses . 11 The nonpolar NO freely diffuses across cell membranes to reach its intra¬ 
cellular receptor, the soluble GC present in the cell cytoplasm. This receptor 

consists of two subunits that combine around a heme group. On activation by 

NO, the soluble GC produces cGMP, which activates cellular processes similar 

to those activated by the membrane-bound guanylyl cyclase. 8 


Another major superfamily of receptors in mammalian cells includes the 
nuclear factor receptors. These receptors, winch recognize steroid hormones, vi¬ 
tamin A and its derivatives, thyroid hormones, or a group of lipid-soluble mole¬ 
cules called peroxisome-proliferator activators, are located in the cell cytoplasm 
or nucleus, rather than on cell membranes. Accordingly, the endogenous ligands 

and drugs that interact with these receptors are very hydrophobic, a property 

that allows them to freely cross the cell membrane and gain access to the recep¬ 
tors within the cell. 

The most understood class of receptors, the steroid hormone receptors, pos¬ 
sess at least two separate domains that allow them to bind hormone and specific 

DNA sequences in genes called responsive elements that regulate gene transcrip¬ 
tion (Fig. 5-4). Like the enzyme-linked receptors discussed above, steroid recep¬ 
tors dimerize when bound to agonist ligands, which allows them to translocate 
from the cytoplasm to the nucleus where the hormone-receptor complex can 

bind to DNA. 13 Once the activated receptor binds to irs response element; the 

hormone-receptor-DNA complex can interact with a variety of other nuclear 

proteins, which act to stabilize RNA polymerase 11 in the promoter region of 

the gene. This effect leads to an increase in the transcription of genes that con¬ 
tain response elements within their promoter. 14 


Transcriptional 


To Nucleus 


DNA 


Figure 5-4 

Model of nuclear factor receptor. Receptor monomers unbound to hormone exist in 
cytoplasm. Binding of hormone (oval) induces receptor homodimerization and trans¬ 
location of the hormone-receptor complex to the nucleus, where it binds to specific 
responsive elements on DNA to enhance gene transcription. Additional details can be 
found in the text. 
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Considering the period of time that must elapse for alterations in gene tran- 

scription to influence the production of messenger RNA, the translation of RNA 
to proteins, and the often extensive post-translational processing of proteins be¬ 
fore the proteins are functional, it is not surprising that cellular responses to the 
stimulation of nuclear factor receptors occur on a time scale of minutes to hours 

and thus are slow relative to the other families of receptors described above. 


Fhe excessive stimulation of receptors by endogenous ligands or through 
continuous drug administration in the course of some diseases may result in re¬ 
ceptor down-regulation, whereas lack of stimulation often increases receptor 

numbers. In critical care medicine, continuous exposure of adrenergic receptors 
by norepinephrine and epinephrine is not uncommon. This leads to clinically 
significant alt erations in cardiovascular resixmses to drugs that target these recep¬ 
tors, such as “tolerance,” that is, decreased drug sensitivity with continued drug 
administration, which is particularly apparent after the administration of drugs 

acting as full agonists. In addition, chronic diseases such as congestive heart 

failure are associated with high levels of circulating catecholamines, which can 

result in adrenergic receptor dysfunction. 

The mechanisms underlying ligand-mediated receptor regulation are best 
described for jPCRs, hut they arc a current topic of research for other receptor 

families as well. 16,17 As mentioned above, the activation of GPCRs results in the 
breakdown of a multi-subunit G-protein. t Vie of the proteins activated by the 
[i/Y'Subunit is the G-protein-coupled receptor kinase (GRK). As its name im¬ 
plies, this protein phosphorylates GPCRs that are in the active conformation. 
Receptor phosphorylation prevents the receptor from activating any more G- 
proteins; in addition to this receptor-transducer uncoupling, the phosphorylated 

receptor attains an attmity for a class of proteins called arrestins. The arrest ins 
hind to both phosphorylated receptors and cytoskeletal components and appear 
to be involved in the endocytosis of GPCRs, making them unavailable for bind¬ 
ing with extracellular ligands. 2,16 Internalization is also a common form of down- 
regulation for RTKs. 17 The internalization of receptors occurs relatively rapidly, 
often taking place only minutes after agonist stimulation. Table 5-2 lists drugs 

whose actions are mediated by receptors. 


15 




Given the important role that receptors play in the regulation of normal physiol¬ 
ogy, it is not surprising that receptor function changes in various physiologic 
and pathophysiologic states. This is particularly true for the critically ill patient 

where altered receptor function may dictate which therapeutic options will be 

most effective. This final section will focus on some of the general roles members 
of each receptor superfamily play in various disease processes. 

Subtle mutations in receptor sequences or their associated signal transduc¬ 
tion pathways occurring as the result of genetic mutations can result in profound 
changes in receptor function, leading to disease or altered responses to drugs in 
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p 2 -adrenergic receptor GPCR) 

Muscarinic cholinergic receptors (GPCR) 

H r histamine receptor (GPCR) 
ai-Adrenergic receptor (GPCR) 

l^-adrenergic receptors (GPCR) 

Nicotinic cholinergic receptor (ion chan 

nel receptor) 

NMDA-type glutamate receptor (ion 

channel receptor) 

Insulin receptor (receptor tyrosine ki¬ 
nase) 

TNF receptor (receptor tyrosine kinase) 

Glucocorticoid receptor (nuclear recep¬ 
tor) 

Thyroid receptor (nuclear receptor) 


Albuterol 


Atropine 


Cimetidine, famotidine, ranitidine 

■ - - — —— 

Dobutamine 

Propranolol 
Neuromuscular blockers (atracurium, 

vecuronium) 

Barbiturates, ketamine 


Insulin 


Tumor necrosis factor (TNF) 
Dexamethasone 


Levothyroxine 


individual patients. 18 For example, mutations in the vasopressin receptor are 

now known to be responsible for some ot the manifestations of nephrogenic 

diabetes insipidus. 19 The holds of pharmacogenetics and pharmacogenomics are 
offering genetic explanations for idiosyncratic drug effects in humans and clues 
for the discovery ot new drugs capable of treating specific patient subpopulations, 
and this knowledge base will eventually extend to veterinary medicine as well 
Table 5-3 contains a brief list of several receptor-mediated disease conditions. 

The GPCRs are often involved in the pathophysiology and treatment of 


20.21 


Diseases 


to 


ily) 


Anaphylaxis 


H--histamine receptor; leukotnene re 

ceptors (GPCR) 


Congestive heart failure 

Hyperthyroidism 


Adrenergic receptors (GPCR) 

M — m m r 

Thyroid-stimulating hormone receptor 

(GPCR) 

H ; -histamine receptor (GPCR) 

Vasopressin receptor (GPCR) 

Nicotinic cholinergic receptor (ion chan¬ 
nel receptor) 

GABAa receptor (ion channel receptor) 


Stress-related gastrointestinal ulceration 
Diabetes insipidus 

Myasthenia qravis 


Status epilepticus 


Diabetes mellitus, type 2 


Insulin receptor (RTK) 
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several diseases commonly encountered in critical care medicine. The minute- 
to-minute regulation of the cardiovascular and respiratory systems relies heavily 

on adrenergic receptors, all of which are GPCRs. These same receptors are also 

used to stabilize the critically ill patient. G-protein-coupled receptors also play 
.1 significant role in the pathophysiology of several endocrine disorders, such as 


y calcium homeostasis. 27 Inflammation and allergy are mediated by sev¬ 
eral different GPCRs, including the Hi-histamine receptor and several different 

leukotnene receptors. The Hi-histamine receptors, on the other hand, may medi¬ 
ate aspects of stress-related gastrointestinal ulceration, and H r histamine recep¬ 
tor blockers are effective in mitigating this condition. 

Ion channel receptors are common in the peripheral and central nervous 
systems. Some of these receptors may he involved in the pathogenesis of epilepsy. 
Indeed, inappropriate activation of excitatory ion channel receptors can result 
in uncontrolled neuronal stimulation, leading to generalized seizures. Strychnine, 
for example, blocks the inhibitory ion channel receptor for glycine and produces 

convulsions. In myasthenia gravis, on the other hand, skeletal muscle weakness 

is attributable to det 1 cased cholinergic transmission at nicotinic cholinergic re¬ 
ceptors in the neuromuscular junction because these receptors are under autoim¬ 
mune attack. 25 

Insulin receptor dysfunction in non-insulin-depen Jent (type 2) diabetes 

mellitus is the best described example of an enzyme-linked receptor leading to 
a disease state. In this form of diabetes, cells expre ssing the insulin receptor 
become unresponsive to the presence of insulin, due in part to the uncoupling 
of the receptor from its intracellular signal transduction pathway. 17 Several other 
members of the RTK receptor family are proto-oncogenes, and mutations in 
these protein- can lead to uncontrolled cell proliferation and neoplasia. 

The down-regulation of nuclear factor receptors after long-term administra¬ 
tion of their cognate ligands, such as occurs with glucocorticoid receptors in 

secondary adrenocortical insufficiency, is a frequent cause of disease. However, 

the involvement of nuclear factor receptors in chronic disease conditions, such 

as asthma, atherosclerosis, cancer, obesity, and osteoporosis is under increasing 

scrutiny. Their involvement in these and other disease states will certainly ex¬ 
pand in coming years. 
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Receptors are critical elements in the physiologic regulation of homeostatic bal¬ 
ance and in the actions of drugs. New receptors and their endogenous ligands 

continue to be discovered and characterized, which will lead to the design and 
development of new drugs. Furthermore, abnormalities in receptors and their 
associated signal transduction pathways have been elucidated that are clearly 

associated with acute and chronic diseases. Because there is considerable “ cross- 

talk” between members of the same and different receptor superfamilies, changes 

in the function of a particular receptor may have an impact on other receptor 

systems. Because the actions of agonists on members of different receptor super- 
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families have different temporal characteristics, interventions to treat diseases 

where receptors are involved should take into account both short- and long¬ 
term regulatory mechanisms associated with these diverse receptor systems and 
their effectors. 
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Emergency access to the venous system is vitally important to all veterinary 

practitioners. This access most commonly requires catheterization of peripheral 
veins to facilitate treatment of patients in shock or cardiopulmonary* arrest. Of¬ 
tentimes, venous access is challenging and difficult because of poor perfusion, 
the size of the patient, exotic veterinary species, edematous patients, obesity*, or 

the lack of technical skills of the veterinarian or technician. Therefore, altema 
tive method* to access the circulatory system must be employed. The purpose 
of this chapter is to provide a discussion of the techniques and alternative access 
routes to the venous circulation for purposes of emergency fluid and drug admin 
istration. Additionally, this chapter will discuss the use of intravenous catheter 
ization for total and peripheral parenteral nutrition. 


Peripheral veins continue to he the primary sites for emergency placement of 

catheters. These sites include the jugular, ce 

saphenous veins. When these veins are unavailable, the most logical site depends 
on the need for emergency access. If the animal is in cardiopulmonary arrest 
intratracheal administration of drugs is commonly employed. If the animal is an 

exotic species, in severe shock, or numerous attempts at peripheral veins have 
failed, the intraosseous route is preferred. In seizure patients, the per rectum or 
intranasal route is preferred. 


4 


I 


* 


A 




Intravenous use ot catheters involves the selection of a catheter, proper vein 

selection, preparation of the venipuncture site, insertion, bandaging, mainte 
nance of the catheter, and an awareness of potential complications. 
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Three types of catheters are commonly used in veterinary medicine: the 

winged'tip or butterfly, the through-the-needle catheter, and the over-the- 
needle catheter. The butterfly catheter is adequate for one-time administration 

of drugs or fluids but is unsatisfactory for long-term fluid therapy. Through-the- 

needle catheters are safe for longer-term fluid administration, including that of 
hypertonic solutions, and for monitoring central venous pressure measurements 

when inserted into the jugular vein. Over-the-needle catheters are most useful 

for short-term fluid administration (12-24 hours). These catheters are more dif¬ 
ficult to secure and are more likely to cause phlebitis and vessel irritation because 
of their rigid texture. 

Most commonly, a large-gauge catheter (14, 16, or 18) is selected for rapid 
administration of fluids. In most cases, these large catheters are inserted into the 
largest vein available. 
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Choose a vein that is the least stressful for the patient and least likely to 
become contaminated. When selecting this vein, consider the following ques¬ 
tions 


1. Is the patient in shock and therefore in need of rapid volume replacement? 

2, Is the patient demonstrating seizure activity and in need of anticonvulsive 

medication? 

Is the patient in respiratory distress and intolerant to excessive handling 

required for the placement of the catheter? 

4. Does the patient have a bleeding disorder, thrombi-forming disease (e.g. 

hyperadrenocorticism and immune-medicated hemolytic anemia)? 

5. Does the animal have diarrhea, vomiting, polyuria, or a vaginal discharge? 

6. Is the animal able to move or paralysed? 

7. Will central venous pressure be monitored? 

8. I foes the animal have a fracture? 
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Table 6-1 will help you to determine the best catheter insertion site for the 

patient. 
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Strict aseptic technique must be practiced in the intravenous insertion and 

maintenance of a catheter. The protective bandage covering the catheter should 

be marked with the date of catheter insertion and the type of catheter inserted. 
Catheters and administration sets must be examined every 8 hours and changed 
when soiled. Close observation for heat, swelling, swollen toes, or pain at the 
sire of catheter insertion should alert you to potential complications. Tubing 
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Selecting 


Venous 




Recommended Venous 


Clinical Problem 


Peripheral vein, jugular vein, intratracheal, intraosseous 

Peripheral vein 


Cardiopulmonary arrest 


Bleeding disorder 


Peripheral vein, jugular vein, intraosseous 

Jugular vein 
Peripheral vein 


Dehydration 
Renal failure 
Respiratory distress 


Per rectum, intranasal, peripheral vein 

Peripheral vein, jugular vein, intraosseous 


Seizures 


Shock 


should be kept oft the cage floor to avoid contamination, anil all fluids and ad' 
ministration sets should he maintained as sterile solutions and equipment. All 
open containers of fluids should be discarded and administration sets and tubing 
changed every 24 hours. 

The need for an intravenously placed catheter should be assessed daily. 
When no longer required, prompt removal is advocated. The longer a catheter 
remains in a vein, the more likely it is that complications will develop. Atpres- 
ent, intravenously placed catheters are usually changed every 72 hours. If cont in- 
ued intravenous therapy is required, a new catheter is inserted. Matthews 

et al. have questioned the need for changing t he catheter. Their study indicates 

that an intravenously placed catheter can remain in place for >24 hours if a 
polyetherurethane and not a Teflon catheter is used. They also stress the impor- 
tance of continuous catheter care and monitoring for complications. Interest¬ 
ingly, Matthews et al. also calculated that establishing and maintaining a periph¬ 
erally inserted catheter and delivery set at the Ontario Veterinary College is 

$79.90 for 6 days. Changing the catheter every 48 to 72 hours, changing the 
fluid and delivery system change every 24 hours, and the use of sterile gloves 
would cost approximately $200.00. In fact, greater complications result when 
the catheter is routinely changed in human patients. Thus, one should support 
maintaining catheter change times based on clinical findings instead of defined 
time limits. 


Catheter complications arise from 2 sources: I) the animal ane its environ¬ 
ment and 2) the personnel working with the catheter. Strict attention to cleanli¬ 
ness of the patient and cage minimizes complications. Occasionally, physical 

restraint devices (i.e., Elizabethan collar) are required to prevent mutilation of 
the catheter. Cleanliness of hospital personnel must include strict hand-washing 
policy between handling of patients and the me of examination gloves, it not 
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sterile surgical gloves, when handling the catheter for blood sampling, drug ad 

ministration, or inspection of the catheter insertion site. 
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1 he decision to perform a venous cut down procedure toi venous access ts 

unusual in these days of highly skilled veterinary technicians. Occasionally 
animal may be so hypovolemic or hypotensive that a cutdown may be required. 

Two types of cutdown procedures are generally employed in small animals. The 

first is a full cutdown procedure and the more common is a minicutdown. With 
both techniques, sterile conditions are mandatory. Occasionally, a solution of 
lidocaine wanned to the body temperature of the animal is injected subcutane- 
ously for local analgesia. Following skin incision a strand of sterile suture material 
is passed around the vein proximal to the intended puncture site. A second 
strand of suture is passed distal to the intended puncture site. Total occlusion of 
the vessel with these sutures is not required. Retraction on these sutures occludes 

venous flow, and a small incision or the catheter needle is then placed into the 

vessel lumen. The catheter is advanced into the vein, and the two sutures are 
then secured around the catheter to stabilize and provide hemostasis. T ne suk u- 
taneous tissue and skin incisions are closed in a routine fashion. The minicut' 
down procedure requires a smaller skin incision than the full cutdown. Usually, 
the vein can be easily viewed, and the needle and catheter can then be placed 
and advanced into the lumen. 

Use of a venous cutdown procedure is contraindicated if the patient has 
a coagulopathy, systemic infection, thrombocytopenia, or is immune compro¬ 
mised. Hemorrhage and infection are the main complications seen with cutdown 

procedures. Providing pressure over the wound and covering the wound with 
clean, sterile bandages minimizes these complications. 
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The intratracheal route for the administration of drugs is reserved for severe 

emergencies such as cardiopulmonary resuscitation (CPR). Rationale for this 

route is more direct access to the coronary arteries via the pulmonary veins, left 
atrium, and left ventricle. Most drugs used during CPR need to get to the coro- 
nary arteries to have any effect and. therefore, rapid access through the left ven¬ 
tricle is advantageous. 

The drug is delivered via a tube inserted through the endotracheal tube 
and a large breath given to drive the drug as deeply into the airways as possible. 

Administration of the drug is commonly followed by either a flush of saline 
or sterile water followed by another breath. Importantly, the dosage of drugs 
administered intratracheally is three (3) times the dosage given intravenously. 

Also, the presence of pulmonary edema, hemorrhage, or pneumonia contraindi' 

cates this venous access route because of the patient’s impaired absorptive capac¬ 
ity. Table 6'2 lists the drugs that can be administered by the intratracheal route. 

Sodium bicarbonate should never be given intratracheally because it will inacti¬ 
vate pulmonary su factant. 
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Drugs That Can Be 


Administered Via an 




Aminophylline 


Dexamethasone 

Diazepam 

Digitalis 

Diphenhydramine 

Dobutamine 


Epinephrine 


Atropine 
Calcium gluconate 
Naloxone 

Cefoxitin 
Whole blood 


Morphine 


Thiopental 

Dextrose 

Colloids and crystalloids 


Plasma 


There is a resurgence of interest in the intraosseous route for administration of 
drugs and fluids. This is an excellent route for rhe emergency administration 
ot drugs, fluids, whole blood and plasma transfusions, and dextrose. 

The most common site for intraosseous insertion of a catheter is the tro¬ 
chanteric fossa of the femur. Alternative sites include the greater tubercle of the 
humerus, wing of the ilium, the distal femur just proximal to the patella and, 
rarely, the tibial tuberosity. In birds, the ulna is usually selected in order to avoid 
Ixmes connecting with the air sacs. Additionally, local anesthesia is usually 

avoided in birds. The hair is clipped from the insertion site, the skin is surgically 

prepared, and an anesthetic such as lidocaine, bupivacaine, or carbocaine is lo¬ 
cally applied to the skin, muscle, and periosteum. A large-bore catheter is se¬ 
lected (Table 6-3). This catheter can he a simple hypodermic needle for neonates 
but is more commonly a catheter with an indwelling trocar. For animals <4 

months of age, spinal needles work well For others, a bone marrow needle or 

a commercial catheter for intraosseous administration is used. 

Transfusions and any drugs that can he given intravenously can be adminis¬ 
tered by the intraosseous route. It is possible to deliver fluids at shock volumes 
via the intraosseous route when pressure is applied to the fluid container. Rapid 
administration of fluids or drugs is often painful to the animal. Therefore, fluids 
are usually warmed before rapid intraosseous administration to avert pain. 
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ize of Catheter 


Animal 


Catheter 


Adult dogs and cats 

Dogs and cats <4 
months of age 

Neonates 
Any of the above 


Bone marrow needle 


to 20 gauge 
to 22 gauge 


1 


Spinal needle 


Hypodermic needle 
Commercial intraosseous catheter 


18 to 25 gauge 

12 to 15 gauge 
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Currently, the intraosseous route is used only for emergency patients and 
is usually exchanged for a peripheral venous catheter within 12 to 24 hours. 
Complications are few, and the technique is invaluable in small, neonatal, or 

exotic species. 












Seizures are common in small animals, and diazepam is the drug of choice for 

treating status epilepticus. Most commonly, diazepam is administered intrave¬ 
nously, hut there are occasions when this route of administration may not he 
possible. Oral administration of diazepam to a convulsing animal is not practical 
and absorption is unpredictable. Absorption after intramuscular administration 
of diazepam is characterized as variable and erratic, depending on the site of 
injection, and may induce necrosis at the injection site. An alternative route is 
per rectum. Studies in humans indicate that diazepam is absorbed systemically 
when administered via the rectum and induces anticonvulsive effects in patients 

with status epilepticus and clusters of seizures. Results of a clinical trial in chib 
dren indicate that rectal administration of diazepam is effective for treatment 
of seizures at home. 

In dogs, per rectum administration of diazepam for management of cluster 
seizures was evaluated over a 16-month period. In this clinical study, rectal ad¬ 
ministration of diazepam at a dosage of 0.5 mg/kg was an effective method of 

home treatment. Because diazepam is rapidly metabolized by the liver in dogs, 

it is subject to high hepatic clearance, consistent with a first-pass effect. Most 
of the gastrointestinal tract, including the proximal portion of the rectum, is 

drained by the portal vein, whereas the distal rectum (hemorrhoidal veins) is 

drained into the caudal vena cava via the internal iliac vein. A drug administered 

orally is absorbed from the portal vein and must pass through the liver before 
it can have a systemic effect, whereas drainage from the distal portion of the 
rectum bypasses the liver. Studies in dogs have confirmed that diazepam is ab¬ 
sorbed after rectal administration, and the pharmacologic effects are probably 

caused by the active metabolites, not the parent drug. 

When administering diazepam per rectum, care must be taken to avoid in¬ 
jecting the drug into the feces. With most dogs, a 3-ml syringe (with the needle 
removed) is lubricated with K-Y jelly, introduced through the anus, directed 
toward the mucosa, and the drug is expelled into the rectum. It the animal is 

receiving chronic administration of phcnobarbital, the total benzodiazepine con¬ 
centration will be reduced after intravenous or per rectum administration. This 
Is likely because of increased hepatic clearance of diazepam ant! its metabolites 

oxazepam and nordiazepam. Despite this finding, administration of diazepam rec- 

tally at 2 mg/kg may he a clinically useful alternative to intravenous administra¬ 
tion tor the emergency treatment of seizures when intravenous therapy is not 

possible in dogs with a history of chronic phenobarbital therapy. 
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Intranasal administration of anticonvulsants has been used successfully to treat 
status cpilcpticus in humans. Following intranasal administration of midazolam, 
triazolam, and flurazepam in dogs, maximum plasma concentrations are achieved 

within 15 minutes. Diazepam administered at a dosage of 0.5 mg/kg via the 

intranasal route results in systemic availability of diazepam and its metabolites 

of 80.1%. This bioavailability is slightly higher than that reported following 
rectal administration. Additionally, the time to peak concentration was three 
times as fast with intranas illy versus per rectum administered diazepam. This 

rapid response time may he an indication of a direct pathway from the nasal 
cavity to the hrain. Rapid clearance of the drug from the nasal arterial circulation 
into the brain and fat has been proposed as the mechanism to explain these 
rapid effects. 






Enteral delivery of nutritional support is the preferred method when the gastroin¬ 
testinal tract is functional. This is because it preserves the integrity of the gasti o- 

intestinal mucosal harrier and function, helps maintain the animal’s appetite, 

and is less expensive. When enteral delivery of nutritional support is not possible, 

parenteral delivery should be considered. 

Two methods of parenterally delivered nutritional support are used in ani¬ 
mals: total parenteral nutrition and peripheral parenteral nutrition. Total paren¬ 
teral nutrition ITPN) is recommended when the gastrointestinal (gastrointesti¬ 
nal) tract is nor functional or in patients in which it is undesirable to use the 

gastrointestinal tract (e.g., those with malassimilation or prolonged ileus and 

after some gastrointestinal surgeries). Because of the high osmolality of infused 
TPN solutions (>800 mOsm/L), it is recommended they he administered via a 

central vein in order to prevent thrombosis of a peripheral vein. 

Solutions used for peripheral parenteral nutritional (PPN) are lower in os¬ 
molality and therefore can he administered via a peripheral vein (cephalic or 

lateral saphenous). Patients that are good candidates for PPN include those in 

which a short term (<7 days) of nutritional support is needed. Other patients 

that benefit from PPN are those in which the jugular vein cannot be catheterized 
(e.g., those with bleeding disorders), animals needing adjunctive nutrition be¬ 
cause their enteral feeding does not completely meet their needs, and animals 

needing short-term nutritional support before anesthesia for placement of a gas¬ 
trostomy or enterotomy tube (see Nutrition in Critical Care). 

Intravenously placed catheters for delivery of parenteral nutrition should 
be reserved solely for this purpose. Additional catheters placed in other veins 

can be used for blood sampling and fluid and drug a ministration. Catheters 

for parenteral nutrition must be placed by sterile technique (i.e., clip, surgical 

scrub, sterile loves). Usually, I5etadine ointment is applied over die catheter 

insertion site, and the catheter is wrapped with sterile gauze. Meticulous cleanli¬ 
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ness of the animal and minimal handling of the catheter is advised. Daily exami- 
nation of the catheter site is required. If the bandage is soiled or wet, it must 

be changed. All TPN and PPN solutions should be changed every 24 hours. 

This also applies to the tubing and extension sets. If possible, the use of a 1.2' 
micron filter, placed in-line, is advocated. This reduces the occurrence of throm- 

boembolism with lipid solutions. Polyurethane or silicon catheters are the least 
thrombqgenic. 
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Mechanical complications involving catheters used for parenteral nutrition 
include occlusion, accidental removal, or line disconnection. If a break in aseptic 
integrity is suspected, remove and replace the catheter. The development of 

venous thromboembolism is the most severe potential complication of parenteral 

nutrition in humans and animals. This manifests as redness, swelling, and pain at 
the catheter site. The initiating factors that result in thromboembolism include 

damage to the vessel wall and endothelium during insertion of the catheter and 

movement of the catheter within the vein. Fibrin, white blood cells, red blood 

celis and platelets adhere to the catheter within the first few hours ot insertion. 
Endothelial damage leads to venoconstriction, which increases endothelial irrita- 
tion and decreases dilution of the infusion solution. Local release of inflammatory 
and vasoactive mediators escalates the inflammatory response and causes platelet 
aggregation, and then both can result in thrombosis. Occasionally, signs of acute 
respiratory distress will manifest indicating the presence of pulmonary thrombo- 

embolism. 

The location of the catheter tip also influences the formation of throm- 

boemboli. When the catheter tip is positioned near a joint, movement of the 
tip may increase endothelial damage. The longer a catheter remains in place, 

the more likely it is that thrombi will form. In human patients, the development 
of thromboembolism is diminished when the catheter is changed every 24 hours 
and the administration of the solution is limited to 12 hours. Changing the 

catheter every 24 hours is impractical and prohibitively expensive, but adminis¬ 
tering the infusion over 12 hours is reasonable. The obvious disadvantage is the 
necessity of infusing larger volumes during this shortened interval. 

Solutions with an osmolality >600 mOsm/L are more likely to cause throm¬ 
boembolism than those with an osmolality of <600 mOsm/L, although the os¬ 
molality rate (osmolality of solution x infusion rate) may be more important 

than osmolality alone. Use of lipids reduces the osmolality, and these solutions 
appear to have a protective effect on the venous endothelial wall. 

Addition of a low dose of heparin (0.5 to 1 U/ml) to the infusion solution 

minimizes fibrin clots around the catheter tip. Adding a low dose of hydrocorti¬ 
sone (5 mg/L) to the solution decreases venous inflammation. Application of 

rransdermal glycerol trinitrate over the anticipated site of the catheter tip in¬ 
duces venodilation and stimulates prostacyclin synthesis. Finally, topical admin¬ 
istration of a nonsteroidal anti-inflammatory ointment over the catheter site may 

also reduce the development of thromboembolism. 
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Use of catheters for access to the venous system is safe, relatively inexpensive, 
easy to maintain, and frequently lifesaving to the patient. These techniques re* 
quire rigorous attention to detail regarding proper catheter and site selection to 
tit the clinical needs of the patient. Meticulous cleanliness and frequent monitor- 
ing of both the patient and catheter site and bandage cannot he overemphasized. 

Complications occasionally develop but should not deter their use. 
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It is the obligation of all veterinarians to minimize pain and suffering in patients 
under their care. 1 i his obligation is even greater for those veterinary personnel 

who strive to care for the critically injured and sick animal. 

Critically ill patients frequently suffer from pain and distress associated with 
trauma or disease. The well-intentioned medical and surgical interventions de¬ 
signed to prolong or save lives often induce additional tissue trauma and pain. 

Many of these same patients are too debilitated or compromised to display be¬ 
haviors indicative of pain that would prompt the 1CU staff to administer anal¬ 
gesic therapy. Consequently, many of these patients divert energy to coping with 

pain instead of getting the rest and sleep required for a full recovery. In other 

words, the process of recovery is prolonged and the metabolic cost to the anh 

trial is increased. The potential benefits of aggressive diagnostic, surgical, and 

lifesupport procedures must he weighed against the pain and distress that the 
animal will likely experience. Withholding analgesics, or simply neglecting the 
issue of patient pain and comfort, suhtects animals in the ICU to unacceptable 
suffering. 1 There is no question that many people would K* unwilling to put rheir 
own pets through painful procedures if there was no hope of alleviating their 
pain. In fact; fear of unrelieved pain and suffering prevents some clients from 
pursuing additional diagnostic or therapeutic procedures, opting for euthanasia 

instead. 


Appropriate analgesic therapy is designed to help the animal cope with 
pain, induce rest and sleep, reduce stress, and promote a more rapid recovery 
In cases where recovery is unlikely, analgesic therapy is a key component to 
ensuring comfort at the end of life. 


2 


AIN 

A reasonable clinical rule of thumb is that the greater the tissue trauma the 

more severe the pain. u Patients with neuropathic pain, pain arising from an 

injured or cut nerve, may be an exception to this rule. Severe neuropathic pain 
may be present even though the amount of tissue trauma appears minor. 7 Patients 

with multiple traumas, including superficial and deep musculoskeletal injuries, 
long hone and pelvic fractures, superficial abrasions, and degloving injuries are 
obvious patients that would be expected to be in severe pain. B Patients with 
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extensive cellulitis or bum injuries are in severe pain. Postoperative patients are 
generally expected to be in pain for at least the first 24 to 72 hours, if not longer. 

Any surgical procedure can induce pain; however, fore or hind limb amputation, 
hemipelvectomy, thoracotomy, and laparotomy usually induce severe pain in 

dogs and cats.* A laparotomy should be considered more painfil than an ovario- 
hysterectomy, primarily because the amount of tissue trauma is greater due to 

the length of the incision, the amount of time spent exploring the abdomen, 

and the degree of abdominal wall retraction required for a thorough exploration 

of the abdomen. 

Some relatively healthy patients may require intensive care after surgery 
simply to manage postoperative pain effectively. For example, patients undergo¬ 
ing radical mastectomy, total ear canal ablation, laminectomy, cranial cruciate 

ligament repair, or arthrotomy often experience severe pain that can best be 

managed with round-the-clock analgesic therapy and monitoring. Patients with 

pancreatitis and peritonitis may lave severe abdominal pain in addition to nau- 

vomiting, and diarrhea. Less obvious sources of pain include multiple intra¬ 
venous (IV) catheterizations, intramuscular (IM) or subcutaneous (SQ) injec- 

multiple venipunctures to obtain blood samples, changing of bandages, 

urinai catheterization, chest tube irritation, distended bladders in animals un¬ 
able or unwilling to urinate in their cage, and any other invasive diagnostic or 
therapeutic procedi ire. 


sea 


tions 


The clinical signs of pain may range from subtle to obvious, depending on 
the degree and type of pain, intensity of pain, and the individual patient's re- 

Dogs tend to demonstrate pain K raviors more readily than 


sponse to pain. 

cats; however, some dogs show few outward signs of pain despite severe injuries. 
Exaggerated, violent behaviors, such as thrashing, lunging, paddling, or climbing 

the cage walls (cats) tend to l>e observed most commonly during recovery from 

anesthesia following painful surgical procedures. Head pressing or head banging 

may be observed with severe abdominal pain. Less obvious signs of pain include 

restlessness (constantly getting up and down), shifting positions, reluctance to 

move or lie down and sleep, favoring a part of rhe body, or excessively licking 
or mutilating an area. Any dog or cat that is falling asleep standing up or propped 

against the cage wall should be considered to be in severe pain until proven 

otherwise. Vocalizing (including grunting, whining, crying, and howling) may 
be indicative of pain; however, it is not a sensitive or specific indicator of pain. 
Nevertheless, many dogs do stop vocalizing following administration of an anal¬ 
gesic drug. Dogs are much more likely to vocalize than cats. Dilated pupils, star¬ 
ing off into the distance (star gazing), grimacing, having ears flattened against 

the head, shivering or shaking, or appearing obtunded are more subtle signs or 

pain. Excessive salivation may indicate nausea or pain. Change in demeanor 

may be an extremely important clinical sign of pain that is particularly difficult 

to recognize in a clinical setting. 13 
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In general, heart rate, arterial Mood pressure, and respiratory rate increase 
as a result of sympathetic stimu lation in response to noxious/painful stimuli. Less 
commonly, noxious/painful events will tnduce a vagal response characterized by 

decreases in heart rate and arterial blood pressure, and possibly loss of conscious* 
ness. Monitoring of physiologic parameters may be use ful in assessing acute pain 
and the effect of analgesic drugs; however, two important clinical rules should 

be considered. First, physiologic parameters may be within the normal range 

despite the patient experiencing pain and distress/ Second, changes in physio* 
logic parameters may occur as a result of underlying metabolic derangements 
that have nothing to do with pain. For example, a dog with sinus tachycardia 
after surgery may he in pain, but may also be hypovolemic, hypotensive, or hy¬ 
poxemic, or have some other type of acid-base or metabolic abnormality. A 

careful examination of the patient is required to determine the cause of the 
tachycardia. 


The standard for determining whether or not pain is adequately controlled 

in a person is to ask that person. Because rhat option is not available in veterinary 
medicine, behavioral observations play a key role in determining whether an 

animal is in pain and how well that animal is coping with the pain. Unfortu¬ 
nately, some behaviors indicative of pain are similar if not identical to some 
behaviors indicative of anxiety. Furthermore, some behaviors such as vocaliza¬ 
tion can be induced by opioid analgesics or may be unrelated to pain. Because 
some animals (especially cats) mask their signs of pain so well, relying solely on 
deserved behaviors to determine if an animal is in pain will result in some ani¬ 
mals receiving inadequate or no Treatment at all. A dog may not demonstrate 

pain behaviors when interacting with a caregiver, but may appear restless and 
uncomfortable when observed undisturbed in its cage as has been demonstrated 

in dogs recovering from ovariohysterectomy. 10,14 A consideration of the animal's 
demeanor, amount of tissue trauma incurred, underlying disease process, overall 
physical status, and the likelihood rhat the animal has the ability to demonstrate 
pain behaviors must be considered when deciding if the behaviors observed are 

indicative of pain. If unsure, observing for any behavioral change** after a trial 

dose of an opioid analgesic is usually a safe method to determine if the behavior 
is related to pain. 


I he benefits of adequate analgesic therapy on morbidity and mortality have 
been most clearly demonstrated in critically ill people. Studies are lacking in 

veterinary medicine; however, it is reasonable to assume that similar principles 

apply. Critically ill people are the least able to cope with the metabolic and 
energy demands imposed by severe, untreated pain. Providing critically ill people 
effective analgesia improves their ability to rest, improves immune function, im- 
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proves mobility, decreases the stress response with its concomitant catabolic 
abnormalities, decreases pneumonia and deep venous thrombosis, decreases 1CU 

stays, and has been shown to improve survival in neonatal infants following 
cardiac surgery 

Healthy animals, like people, recover from surgery or trauma more quickly 

if their pain is controlled and they are given the opportunity to rest. Uncon- 
trolled pain in this population of patients may not result in increased mortality, 
hut may initiate a cascade of neural changes that leads to exaggerated pain states 
(wind-up) or chronic pain. 4 Requiring our patients to endure severe pain need¬ 
lessly is inhumane and unethical, especially considering the ready availability of 
effective analgesic drugs. 
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Analgesic drugs should be administered on a regular basis before the patient 

displays signs of pain or anxiety. 2 It bears repeating that if there is any doubt as 
to whether the patient may be in pain, analgesic Jrug> should be administered. 

If an IV catheter is in place, a constant rate infusion (CR1) of the analgesic 
drug provides the most stable and predictable levels of analgesia. Alternatively, 

intermittent IV administration of drugs is usually preferable to SQ or IM injec¬ 
tions. If an IV catheter is not in place, SQ injections are much less painful and 
are better tolerated that repeated IM injections. The onset time following So 

injections is generally within 20 to 30 minutes as compared to 10 to 15 minutes 
for IM injections. Anxiety often intensifies the pain experience and prevents 
patients from getting the rest they need. If anxiety cannot be alleviated through 

environmental changes and good nursing care, it should be treated pharmacolog 

ically as described below. 
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Analgesic therapy is usually withheld in critically ill patients during initial 

patient assessment and stabilization. Particular attention should be paid to neuro¬ 
logic, cardiovascular, and respiratory function during the initial work-up. Opioid 

analgesics are frequently the first-line analgesic drugs administered to critically 
ill or traumatized patients. Opioids are likely to induce sedation in animals in 

pain; therefore, the potential for neurologic injury should be determined before 

administering the first dose of an opioid. Follow-up evaluations of neurologic 
function will need to he timed so that the animal can be assessed as the sedative 

effects of the opioid are waning. On occasion, analgesic drugs must he adminis¬ 
tered prior to a complete assessment in painful, difficult to handle cases. 

Opioid analgesics should be avoided in patients with head trauma, particu¬ 
larly those with an abnormal neurologic examination. Opioid-induced respira¬ 
tory depression can lead to increases in PaC02 and decreases in PaO>, resulting 

in an increase in cerebral blood flow and intracranial pressure. 15 Global or re¬ 
gional brain ischemia or brainstem herniation may result from excessive increases 
in intracranial pressure. In addition, opioid-induced sedation will make if diffi¬ 
cult if not impossible to determine if neurologic function is deteriorating. On 
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the other hand, some animals with head trauma also have multiple other traumas 
necessitating the use of opioids for analgesia and sedation. Administering low 
doses of opioids to effect and supplementing oxygen to the patient will help 
prevent opioid'induced respiratory depression 

Analgesic drugs should be withheld from hypothermic, obtunded patients 
that are not regaining consciousness as typically occurs in critically ill patients 
recovering from anesthesia. Under these circumstances, opioids may further ob' 
tund the patient and contribute to further loss of body temperature and pn> 
longed recoveries. Once the patient has begun to warm and regain consciousness, 

opioid analgesics may be administered. In contrast, hypothermic patients that 
recover from anesthesia rapidly and are likely to be in pain may be given reduced 
dosages of opioids until they regain a normal body temperature. 
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Opioids are the safest, most effective, and most commonly administered 
analgesic and sedative drugs used to treat acute pain in dogs and cats in the 
1CU and in the immediate postoperative period. 1719 Opioid analgesics mimic the 

effect of endogenous opiate peptides (endorphins, enkephalins, dynorphin) and 
bind to specific |i-, 5-, and K-opioid receptors. These receptors are located princi¬ 
pally in the central nervous system (CNS) with large concentrations in the dorsal 
hom of the spinal cord and multiple supraspinal sites, including the cerebral 
cortex. 20 Stimulation of these receptors decreases the transmission of nociceptive 
impulses and decreases the perception of pain. 2C Opioid receptors have been idem 
tilled in peripheral tissues and in joints; however, these receptors play a secondary 

role in the management of pain in the ICU. 21 Opioids are typically classified as 

^.-receptor agonists, agonist-antagonists, partial agonists, or antagonists. Of the 
opioids, the jx-receptor agonists (e.g M morphine, oxymorphone, hydromorphone, 
and fentanyl) are the most effective and commonly used opioids in the veter- 

inary ICU. 1922 Due to their limited efficacy to treat severe pain, opioid agonist- 

antagonists (e.g ., butorphanol) and partial agonists (e.g., buprenorphine) play 
a secondary role in pain management of the critically ill patient 
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The side effects of opioids include sedation, dysphoria or excitement, respi 
ratory depression, bradycardia, histamine release (morphine, meperidine) 

Sedation, with the possibility of sleeping, may be 

a beneficial or detrimental effect of the opioids depending on the 

circumstance. Simply relieving pain, thereby allowing the animal to relax, may 
induce sleep. If the amount of sedation is excessive, decreasing the dose or dis- 
continuing the opioid may be all that is needed. At the other end of the behav ¬ 
ioral spectrum, opioids may induce excitement or dysphoria. Excitement rarely, 
if ever, occurs in critically ill or traumatized patients. Excitement is most likely 
to occur when opioids are administered to excitable, healthy dogs or cats that 
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are not experiencing pain as may occur in some anesthetic protocols. Excitement 

can be reversed by antagonizing the opioid with naloxone or by concurrently 

administering a tranquilizer (e.g., acepromazine). Opioids can induce dysphoria, 

a term loosely used to refer to behavior that appears agitated or disoriented, and 
frequently includes some form of vocalization. Frequently, pain-induced behav¬ 
iors arc misdiagnosed as dysphoria, simply because it is known that the animal 

received an opioid. Administering an additional dose of an opioid is usually a 
safe way to differentiate pain and dysphoria. If the animal relaxes, it is likely 

that the clinical signs are due to pain. If the animal does not improve or becomes 
more agitated, dysphoria is the likely diagnosis and naloxone can be used to 
reverse the opioid or acepromazine can be administered to sedate the animal. 

Respiratory depression is the side effect that causes the most concern, partic- 
ularly in the critically ill patient. Opioids alter respiratory center sensitivity to 
carbon dioxide, with the potential of causing hypoventilation and respiratory 
acidosis. In the animal breathing room air, clinically significant hypoventilation 

will lead to hypoxemia. In general, dogs and cats are relatively resistant to the 

respiratory depressant effects of the opioids. Clinically significant respiratory de¬ 
pression from opioids is most likely to occur in the presence of other centrally 
depressant drugs given during general anesthesia. Nevertheless, care must be 

taken when administering opioids to animals that are obtunded (particularly 
those with head trauma or organic brain disease), excessively sedated (as may 
occur upon recovery from anesthesia), or have pre-existing respiratory disease. 
Administering reduced dosages of p-receptor agonists to effect is a safe method 
of providing analgesia while minimizing the respiratory depressant effect of the 
drug. Alternatively, administering an opioid agonist-antagonist (e.g., butorpha- 

nol) decreases the potential for respiratory compromise because there is “ceiling 

effect ' to the respiratory depression induced by this class on du gs. 19 ’ 4 For exam¬ 
ple, brachycephalic dogs with severe upper airway obstruction tolerate butorpha- 
nol much better than low doses of morphine or oxymorphone. 

Bradycardia may occur as a result of an increase in vagal tone, a decrease 

in sympathetic tone as pain perception is decreased, or the animal falling asleep. 
The reduction in heart rate usually does not require treatment, provided the 

pulse is strong and regular. In contrast, combining an opioid with an a r agonist 
such as xylazine or medetomidine frequently results in bradycardia that must be 

treated. It needed, bradycardia can be treated with atropine or glycopyrrolate. 

Vomiting can occur wirh any opioid; however, vomiting is observed most 

frequently with the first dose of morphine in an ambulatory patient. Subsequent 
doses of morphine are unlikely to cause vomiting. The incidence of vomiting 
with oxymorphone and fentanyl appears to be less than that observed w ith mor¬ 
phine. Occasionally, opioids will continue to cause nausea and vomiting in sus¬ 
ceptible individuals. Sw itching to an opioid agonist-antagonist sometimes allevi¬ 
ates the problem. Alternatively, administering an antiemetic or a subancstheric 
dose of propofol (Proj>oflo, Abbott Labs, 0.5-1 mg/kg, slowly IV) can break the 
cycle of vomiting. Opioids frequently induce constipation; however, this is more 

of a problem with the chronic administration of opioids. Morphine causes con¬ 
striction tit the sphincter of Oddi, winch can lead to biliary stasis and abdominal 
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pain. 24 An alternative opioid (e.g., fentanyl IFentanyl Citrate Injection, Abbott 

Labs], oxymorphone (Numorphan, Dupont Merck Phamia]) may be used in ani¬ 
mals with hepatobiliary disease. 

Histamine release is most likely to 
morphine or meperidine. Morphine is frequently used in ICU settings with little 
problem. Administering morphine as a slow IV bolus (over 6C seconds'" or as a 
continuous IV infusion decreases the likelihood that clinically significant hista¬ 
mine release will occur. 

Tolerance develops to the analgesic, sedative, and adverse side effects of 

the opioids, with the possible exception of constipation. For the treatment of 
acute pain, the requirements for opioid analgesics usually decrease over a matter 
of days as tissue healing occurs as the animal recovers. In cases of severe and 
on-going injuries, or in some forms of chronic pain, tolerance develops and in¬ 
creased doses of opioids are required to maintain the same level of pain relief. 
How quickly tolerance develops is open to debate; however, it is likely that it 
can occur in some individuals in less than a day. Increasing the opioid dose 
incrementally until the patient appears comfortable is a safe w ay to avoid exces¬ 
sive side effects while still providing adequate analgesia. High doses of continu¬ 
ous opioids may induce a form of dependence that has been termed “therapeutic 

dependence.” Therapeutic dependence simply means that the opioid is required 

for the patient to cope with the pain and to maintain a given level of comfort, 

much as adiabetic may be dependent on insulin to maintain glucose homeostasis. 
The longer the animal is maintained on opioids, and the higher the doses used, 

the more important it is to wean the animal off the opioid when recovery has 

progressed to the point that analgesic therapy may be discontinued. 


with the IV administration of 


Opioids can be used successfully to treat pain in both dogs and cats. Opioids 
tend to have greater sedative effects in dogs than cats; however, opioids will 
often sedate painful, ill, and geriatric cats satisfactorily. In cats, opioid doses are 
generally one quarter to one half the dose administered to dogs to avoid exci¬ 
tatory side effects. Opioids typically cause mydriasis in cats, whereas they cause 

miosis in dogs. Aside from the differences in the potential for excitement, the 

advantages and disadvantages of opioids are the same in dogs and cats. 


It is not possible to aggressively treat pain and provide state-of-the-art criti¬ 
cal care to dogs and cats without using scheduled (controlled) drugs. In other 
words, there is no excuse for not using these drugs, particularly in a specialty or 
referral clinic. The (i-opioid agonists (e.g., morphine, oxymorphone, fentanyl 

butorphanol, diazepam, and ketamine ire all scheduled drugs. Maintaining accu¬ 
rate records of these drugs is essential; however, it is not an exceptionally difficult 
task. Noting the drug administered, dose, route, and time in the patient record 

should just he pan of maintaining good patient records. In addition, maintaining 
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a running inventory of scheduled drugs used becomes second nature and ensures 

that the entire content of a bottle is accounted for* Unfortunately, our societal 

fears of drug addiction have spilled over into veterinary medicine. Although 
veterinary patients may develop a therapeutic dependence on opioid analgesics 
while they are in pain, addiction is not a problem in our patients. Even among 
people given large doses of opioids, actual addiction is quite rare. 


Morphine is the prototypical (i-opioid agonist, which is assigned an analge¬ 
sic potency index of one. Morphine is an exceptionally useful opioid tor the ICU 
setting, primarily because it provides equivalent analgesia to other |i agonists 
and is very inexpensive; therefore, effective analgesic levels can be obtained 

without significantly adding to the costs of the ICU stay. Because of its relatively 
long duration of action, morphine may be administered IV, SQ, or IM on a fixed 

dose schedule (Table 7-1). Fluctuations in plasma concentrations of morphine, 

and analgesic effect, are avoided if morphine is administered as a CRI. IV boluses 

of morphine should be given slowly (over approximately 60 seconds) to avoid 

histamine release with accompanying vasodilation, hypotension, or broncho- 

constriction. Morphine should be used cautiously in patients with mast cell 
tumors ora history of asthma. Vomiting is more likely with morphine than with 
some of the other opioids; however, repeated episodes of vomiting are uncom¬ 
mon atter the first dose ot morphine. Importantly, morphine may be adminis¬ 
tered orally for continued analgesic therapy when the patient is discharged 

from the hospital. 2 *" 27 1 he bioavailability of oral morphine is approximately 15% 
to 17% lor sustained-release and nonsustained-release morphine in dogs. 


26 


dd Analgesia in 


and Cats 




Morphine 


0.25-0.5 mg/kg, IV q 1-2 h 

0.1-0.5 mg/kg/h CRI 

0.5-1 mg/kg, SQ, IM q 3-4 h 


0.1-0.25 
0.05-0 


25 mg/kg/h CRI 


0.25-0.5 mg/kg, SQ, IM q 3-4 h 


5 mg/kg, PO, q 4-6 h 


mg/kg, PO q 4-6 h 


1 


0.5-2 


SR 1-5 mg/kg, PO, q 8-12 h 


0.5-2 mg/kg, PO q 8-12 h 


Oxymorphone 


0,025-0.05 mg/kg, IV q 1 
0.05-0.1 mg/kg, SQ, IM q 3-4 h 


h 


0.01-0 


1.025-0.05 mg/kg, SQ, IM q 3-4 h 




Fentanyl 


0.001 - 0 J >02 


mg/kg, IV bolus 


0.001-0.002 mg/kg, IV bolus 
0 . 001 - 0 . 


0.001-0,006 mg/kg/h, CRI 


004 mg/kg/h, CRI 


up to 0.01 mg/kg/hr, CRI 

(severe pain) 


Butorphanol 


2 mg/kg, IV q 1 h 


0 . 1 - 0 . 

G.2-0.5 mg/kg, SQ, IM q 1-2 h 


0.1-0.2 mg/kg, IV q 1-2 h 

to 0.4 mg/kg, SQ, IM q 


0.2 


CRI, constant rate infusion; SR, sustained-release oral formulation. 
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Standard Practices in Patient Care 


Morphine is metabolized by the liver with one of the metabolites, morphine'6- 

glucoronide, having pharmacologic activity. 24 Considering the confounding fac- 
tors of low oral bioavailability and the potential for accumulation of an active 

metabolite, it is recommended that the veterinarian work closely with the 
client to adjust the patient’s dose of morphine as indicated by response to drug 
therapy. 


Oxymorphone has similar properties to morphine with the exception that 

oxymorphone is more potent than morphine (potency —10—15), it does not 

cause histamine release, and it is less likelv to cause vomiting (see Table 7-1). 

Oxymorphone may sedate cats a little more than morphine; however, this finding 
is inconsistent. I he primary disadvantage of oxymorphone is cost, so much so 
that it often becomes prohibitively expensive to provide effective analgesia over 
a 1- to 2-day hospital stay. 

Hydromorphone is also a |i-opioid agonist that is approximately five rimes 

more potent than morphine. It is reportedly used at a dose of 0.05 to 0.4 mg/ 

kg, IV, SQ, or IM in both dogs and cats. 19,22 The actions and side effects of 

hydromorphone are similar to those of oxymorphone. Hydromorphone is used 

as an alternative to oxymorphone because it is less expensive. 


anyl 


hentanyl is an effective and relatively inexpensive opioid making it an ex¬ 
tremely useful analgesic for the I >U setting. Fentanyl is a p-opioid agonist that 

is approximately 100 times more potent than morphine (see Table 7-1). The 

terminal elimination phase of fentanyl in dogs anesthetized with enflurane was 

1 7 minutes; however, a single IV bolus of fentanyl has a clinical duration 
of action of approximately 15 minutes, due largely to extensive redistribution. 28 
Fentanyl should be administered as a loading dose followed by a CRI. Failure 
to start with a loading dose will result in a period of at least 4 to 5 hours before 

therapeutic plasma concentrations of fentanyl are reached. Patients that were 

administered large doses of fentanyl in the intraoperative periixl may already 
have relatively high plasma concentrations of fentanyl and may not need a load¬ 
ing dose of fentanyl when recovering from anesthesia. Fentanyl infusion rates 

may be incrementally increased if the patient requires additional analgesia, or 

decreased if the patient is too obtunded or it is time to wean the patient oft the 
infusion. When increasing the rate of fentanyl administration for patients in 
pain, it is recommended that an additional bolus of fentanyl be administered to 

hasten the onset of higher fentanyl plasma concentrations. Fentanyl boluses of 
1 to 2 |ig/kg IV are well tolerated with little clinical evidence of respiratory 

depression, bentanyl is also available as a transdermal patch (Duragesic, Janssen 

Pharmaceutica) that delivers a constant rate of fentanyl over approximately 72 

hours. Attaining effective plasma concentrations of fentanyl from the transder¬ 
mal parch is quire variable in dogs and cats and may take from 12 to 24 hours, 
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with some animals never reaching effective plasma concentrations, 
this inconsistency, fentanyl transdermal patches should never be the sole source 
of analgesia for the animal that is critically ill, traumatized, or in pain. Weaning 

a patient off fentanyl CRI on to a fentanyl patch appears to work well with 

some patients. Fentanyl may cause some dogs to become more vocal (primarily 

whining), which needs to be differentiated from a behavior suggesting uncon- 
trolled pain. If an additional bolus of fentanyl does not stop the vocalization 

low dose of acepromazine will usually correct the problem (assuming that acepro 
marine is an acceptable drug for that patient). 


rli 
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Butorphano! is an opioid agonist-antagonist that has limited utility in the 
ICU setting (see Table 7-1). Butorphanol has traditionally been used to treat 

mild to moderate pain in dogs and cats or to partial I antagonize the effects of 
(i-agonists such as morphine. 52 The effect of butorphanol on JJ- and lC-opioid 

receptors probably vanes with species and dose. Some evidence suggests that 

there may be additive, rather than antagonistic, effects between butorphanol 

and oxymorphone administered to cats. 3 * The potential for interaction between 

butorphanol and other opioids requires further investigations; therefore, it is not 

recommended at this time that the two classes of drugs be routinely combined. 
Butorphanol may be preferentially selected over a |i-opioid agonist in patients 
with marked respiratory disease, such as brachycephalic dogs with upper airway 

obstruction. Clinically, it appears that these patients rolerate the respiratory de¬ 
pressant effects of butorphanol better than jl-opioid agonists. Butorphanol may 
also be preferentially selected for patients that have excessive 

with the Ll-agonists, as may occur in some dogs with pancreatitis. 


or vomiting 
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Ketamine may play a unique role as an adjunct analgesic to treat or prevent 

Ketamine 


34-0 


the development of hyperalgesia in the ICU patient in severe pain, 

bloc k$ the actions of the excitatory neurotransmitter glutamate at the N-met ayl- 

D-aspartate (NMDA) receptor in the CNS. Glutamate and the NMDA receptor 
have been implicated in the phenomenon of wind-up, with its resultant states 

of exaggerated pain and hyperalgesia, which is purported to occur in the nocicep¬ 
tive pathways in the dorsal horn of the spinal cord. 39 ' 39 Glutamate is an important 
neurotransmitter in the development of memory and may be involved in creating 

a memory for pain. In addition, the NMDA receptor has been implicated in the 

development of morphine tolerance.* 30 The intraoperative administration of low 

dose ketamine to people decreased the requirements for postoperative analgesics 

Ketamine has been 




well beyond the expected duration of effect of ketamine 

administered to terminally ill people who were opioid tolerant and in severe 

pain. 34 Ketamine improved patient comfort and markedly decreased opioid re¬ 
quirements. In veterinary medicine, ketamine has been used extensively for the 
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Sedation/ Anesthesia 


0.01 "0.02 mg/kg, IV 

W.J2-0.05 mg/kg, SQ, IM 

0.5 mg/kg, IV 
0.1-0.5 mg/kg, IV, SQ, IM 
0.001-0.002 mg/kg, IV, IM 

SQ, IM 


Acepromazine 


q 2-4 h 

q 4-6 hi (as needed) 


n 4 




Diazepam 

Midazolam 


0.1 


q 1-2 h 
q 1-2 h 


Medetomidine 


q 1-2 h 

q 1-2 h 


Xylazine 


0 


Propofol 


mg/kg, slow IV administration to 

induce unconsciousness 


0 . 


needed to mahtain 


unconsciousness 

0.05-0 4 mg/kg/min CRI 


CRI, constant rate infusion. 


induction and maintenance of anesthesia in a wide variety of species. Ketamine 
to treat pain requires doses that arc generally considered to he subanesthetic 
i Table 7-2). I he doses of ketamine used for analgesia have Keen extrapolated 

from the human literature and appear to work well in dogs and cats based on 
clinical experience. To date, no controlled dose-response studies have been per¬ 
formed to determine the ideal dose of ketamine in the treatment of pain. Clearly, 
excessively high doses of ketamine may cause marked behavioral abnormalities 

or even induce anesthesia. The optimal duration of administration of a ketamine 

CRI also has not been established. Ketamine may he administered during the 

intraoperative period or for 24 hours after a surgical or traumatic event. Because 

of the potential for ketamine to interact with the opioid receptor and prevent 

the development of opioid tolerance, ketamine is typically administered in con¬ 
junction with an opioid analgesic. The safety of a CRI of subanesthetic doses 
ot ketamine in patients with elevated intracranial pressure (e.g., head trauma, 
intracranial tumor), heart disease, or glaucoma has not been established; there¬ 
fore, ketamine should not be used in these patients. 


xylazine, medetomidine (Domitor, Pfizer Animal 


The a 2 -agonists (e.g. 

Health]) have not typically been used in the K U patient because of the marked 
cardiopulmonary effects of these drug 


s. 4M2 In 


particular, clinically significant de¬ 
in heart rate, myocardial contractility, and cardiac output limit their 


usefulness in compromised dogs and cats. Decreases in heart rate can he treated 
with anticholinergics; however, returning heart rate to normal values does not 
necessarily improve cardiac output. Medetomidine-induced decreases in cardiac 

output do not appear to be dose dependent; in that cardiac output was decreased 

similarly over a dose range of 1 to 20 |ig/kg IV in dogs. 41 Nevertheless, combina¬ 
tions of a?-agonists and opioids can induce additive or synergistic analgesic and 
sedative effects. In animals in severe pain, addition of low doses of cither xylazine 
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or medetomidine can markedly improve patient comfort (see Table 7*2). The 
IV administration of a low dose of xylazine ot medetomidine appears to exert 
an effect for less than an hour. The goal of a*-agonist therapy in the 1CU should 
be to “Huy some time” in the patient in severe pain for other analgesic interven¬ 
tions to improve patient comfort. 
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The NSAIDs are clearly effective analgesic adjuncts, particularly in the 

presence of tissue inflammation. 4 *" 4 * NSAIDs may exert some analgesic effects 
within the CNS; however, they are classically thought of as inhibitors of prosta¬ 
glandin synthesis. 244447 Prostaglandins are synthesised by the actions of cyclooxy- 
genase enzyme on arachidonic acid, located within cell membranes. Prostaglan¬ 
dins serve as key mediators in the inflammatory cascade, sensitize nociceptors 
in the periphery, and may exert a role in the CNS transmission of nociceptive 

impulses. Prostaglandins also have important homeostatic functions such as 

maintenance of gastric mucosal lining, platelet function, and maintenance of 
renal bltKxl flow during periods of hypovolemia. At least two different isoforms 
of cyclooxygenase (prostaglandin endoperoxide synthase) exist, COX-1 and 
COX-2. COX-1 purportedly synthesizes basal levels of pros tag land i ns responsible 
for homeostatic functions, whereas COX-2 is the inducible form synthesized by 
macrophages and inflammatory cells involved in the response to tissue injury 

Ti e characterization of NSAIDs relative to GOX-1 versus COX-2 inhibitory 

effects is dependent on the methodology used and is therefore confusing and 
somewhat contradictory. 4 * In addition, clinical studies assessing the safety of 
NSAIDs in critically ill dogs and cats are lacking. At this time, preferential 

COX-2 inhibitors are not available in the United States in injectable form, fur¬ 
ther limiting their usefulness in the 1CU patient. Ketoprofen (Ketofen, Fort 

Dodge Laboratories) is not a selective COX-2 inhibitor, but it has been used in 
healthy patients that arc treated in the ICU for severe postoperative pain (see 
Table 7-^). Oral NSAIDs may he useful drugs when sending an animal home 


47 


Nonopioid Analgesics 


Loading dose: 0.25-0.5 mg/kg, IV 

CRI: 2-10 

Loading dose: 0.25-2 mg/kg # IV 
CRI: 15-30 tig/kg/mfn, IV 


Ketamine 


Dog/cat 


in, IV 


IV Lidocaine 


Dog 


Intrapleural/lntraperitoneal 

Bupivacaine 

Epidural bupivacaine (with 

preservative-free morphine at 


1.5-2 mg/kg, q 3-6 

5 mg/kg 
0.1-0.2 mg/kg 


Dog/cat 


0.1 


Dog 




v * 


Ketoprofen 


1-2 mg/kg, IV, SQ, IM q 24 h 


Dog/cat 


CRI, constant rate infusion 
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after its stay in the ICU, provided there are no contraindications. Unfortunately, 

there is minimal dosing information for most NSAIDs in cats. NSAIDs should 
not be used in patients that are hypovolemic or hypotensive, or have renal dis- 

gastrointestinal ulceration or diarrhea, or a coagulopathy 


45 , 49,50 


ease 






Local anesthetics (e.g., lidocaine, bupivacaine) block the generation and 
transmission of nociceptive impulses and have the unique ability to completely 
block the sensation of pain. Because local anesthetics need to be infiltrated into 
tissues or injected close to sensory nerves, the use of local and regional blocks 
is primarily used in the perioperative period to decrease pain after surgery. The 
uses of these techniques as adjuncts to general anesthesia in small animal prac' 
tice have gained acceptance recently and several exceptional reviews 

Local and regional anesthetic techniques are excellent methods to im¬ 
prove recovery and prevent central sensitization of nociceptive pathways after 

painful surgical procedures. The routine use of these techniques in the 1CU pa¬ 
rtem is somewhat limited because repeated infiltration of local anesthetics is 
technically difficult and may be painful in the conscious patient. Nevertheless, 
some of these techniques are effective and provide excellent analgesia without 

sedation. 


avail 




able 


Intrapleural administration of local anesthetics may be used to decrease 

thoracic and cranial abdominal pain. The duration of action of bupivacaine (4-6 

hours) is longer than that of lidocaine (1-2 hours) making it the preferred drug 

for this technique (see Table 7-3). Bupivacaine may be administered through 

the chest tube every 3 to 6 hours for post-thoracotomy pain. Rapid intrapleural 
administration of bupivacaine can be painful. The addition of sodium bicarbo¬ 
nate to bupivacaine (1 part sodium bicarbonate to 9 parts bupivacaine) and 
diluting the bupivacaine with physiologic saline ( 3.9% NaCI) help to decrease 
pain on injection. Injecting bupivacaine through the chest tube slowly and en¬ 
suring that the bupivacaine is close to body temperature before injection (warm 
syringe in hand or picker) also help to decrease injection pain. Administration 
of intrapleural bupivacaine for cranial abdominal pain is somewhat more difficult 
but may be accomplished using a butterfly catheter or an over-the-needle cathe¬ 
ter in a sedated patient. Alternatively, diluted bupivacaine may be injected into 

the peritoneal space at rhe level of the umbilicus. With both intrapleural and 
intraperitoneal injections, it is often helpful to gently place the patient in differ¬ 
ent positions (dorsal and ventral recumbency) to increase the distribution of the 

bupivacaine. 

Epidural administration of local anesthetics and opioids is an excellent 

Depending 


54 56 


means to decrease abdominal and hindlimb pain (see Table 7-1) 

on the drugs and doses selected, epidural techniques may also help to treat tho¬ 
racic and forelimb pain. The primary advantage of epidurally administered drugs 

is the attainment of excellent analgesia with reduced side effects as compared 
to treating pain with systemically administered analgesics. Epidural administra¬ 
tion of analgesics typically occurs one time in an anesthetized or heavily sedated 
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patient. Repeated epidural injections or continuous infusion of epidural drugs 

may be accomplished through an epidural catheter. 57 Regardless of the technique 
selected, strict adherence to aseptic technique is essential to prevent infections 

in the epidural space. A detailed description of these techniques is beyond the 
scope of this chapter and the reader is referred to recent excellent reviews. 

The two most common complications that occur with the administration of 

epidural analgesics are temporary hindlimb paresis and urine retention. Accord¬ 
ingly, a urinary catheter should be placed in all patients receiving epidural drugs. 
Following a single epidural injection, these effects resolve within 24 hours with 
the vast majority of cases. 

Intravenous infusions of lidocaine administered in low doses (sub-antiar- 
rhythmic) may induce mild sedation and augment opioid-induced analgesia in 

dogs (see Table 7-3). Lidocaine infusions are generally reserved for dogs in severe 

pain that appear resistant to relatively high doses of opioid analgesics. The evi¬ 
dence to support the use of lidocaine in this manner is mostly empirical, and 
the selection of lidocaine versus some other adjunct analgesic, such as ketamine 

CR1, is based on the clinician’s judgment. Lidocaine infusions are quite safe 

because it is administered well below the toxic dose and may he most useful in 
dogs that are compromised and require some additional sedation. 


56.57 






The clinical signs of anxiety are often indistinguishable from some of the signs 
attributable to pain. Typically, dogs may react with clinical signs such as inces¬ 
sant barking or whining, shaking, pacing, reluctance to rest, panting, having a 

wide-eyed appearance, and often difficulty in handling. Cats are usually difficult 
to restrain and may he fearful. Anxiety and pain interact in such a way as to 

exacerbate each other. Anxiety can sometimes be effectively treated simply by 
treating tlic patient’s pain with an analgesic, by changing the environment (e.g., 

moving to a larger or quieter cage), or by providing attention from a caregiver. 

Sometimes taking a dog outside to urinate will relieve discomfort and ease anxi¬ 
ety. Dogs and cats that still appear anxious should he administered acepromazine, 

a benzodiazepine, or an 0 t 2 -agonist depending on their health status. 












Acepromazine is an effective tranquilizer in dogs, particularly when it is 

combined with an opioid. 58 Acepromazine can be used in cats; however, it is a 

less predicrable drug in cats and the degree of sedation is generally less than in 
dogs. Acepromazine has a relatively long duration of action that may last from 

3 to 4 hours to over 24 hours in compromised patients. Acepromazine induces 

dose-dependent vasodilation, which will result in hypotension in hypovolemic 
or compromised! patients. There is no antagonist for acepromazine and the ad¬ 
verse effects are dose dependent; therefore, the lowest doses possible should he 

used (T;tble 7-3). Acepromazine is also purported to lower the seizure threshold 

and should not he used in patients with pre-existing seizure history or neurologic 
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disorders. Acepromazine interferes with platelet function anti should not He ad- 
ministered to patients that are hemorrhaging or that have bleeding disorders. In 

general, acepromazine is 

and no go* »d alternatives exist. 


only used in ICU patients ii it 


is absolutely necessary 


Diazepam and nudazolam (Versed, Roche) may be used as an alternative 
to acepromazine for sedation. Midazolam is similar to diazepam, with the excep¬ 
tion that midazolam is more potent than diazepam, has a shorter duration of 
action, and is water soluble. w Benzodiazepines are poor sedatives in young 

healthy animals, hut they are effective in compromised dogs and cats, especially 

when combined with an opioid. ! us, benzodiazepines are reserved for anxious 
animals that require some sedation and are unlikely to tolerate the adverse side 

effects of acepromazine (see Table 7-2). Although it is 

mals, both diazepam and midazolam can be reversed with flumazenil (0.1 mg, 
IV total dose), a specific benzodiazepine antagonist. 


in am 


to the point of uncon¬ 
sciousness (anesthesia) to facilitate a diagnostic or therapeutic intervention. Pro¬ 
pofol is widely used for this purpose in both dogs and cats. The rapid onset, short 

duration of action, rapid recovery, and limited residual effects of propofol are 
useful attributes in the ICU setting. 60 Propofol may be administered repeatedly 

as small IV boluses or by CRI (see Table 7-2). Repeated dosing does not prolong 

the effect of propofol in dogs, although propofol infusions longer than 1 hour 
or propofol anesthesia repeated daily mighr result in longer recoveries in cats. 
Despite its usefulness, pro;*>fol does have its limitations that could have adverse 
consequences in high-risk patients. Propofol causes marked vasodilation in dogs 
and cats leading to hypotension. Administering propofol slowly to effect, while 
diluting it with IV fluids, helps to decrease the incidence of hypotension. Propo¬ 
fol should not lx* administered to hypovolemic or dehydrated patients. Adminis¬ 
tering an opioid or benzodiazepine premedication before propofol also helps to 
reduce the dose of propofol and decrease the incidence of hypotension. Propofol 
is a profound respiratory depressant that will cause hypoventilation and tnay 
induce apnea and hypoxemia. Decreasing the rate of injection and dose of propo¬ 
fol will help to minimize the severity of hypoventilation. All critical animals 

should be preoxygenated using a loose-fitting facemask and high oxygen flow 

rate prior to induction with propofol ro prevent hypoxemia. The trachea should 

be intubated and the patient maintained on oxygen throughout the procedure. 

If the patient cannot be intubated for any reason, it should be maintained 

on oxygen delivered through the facemask until complete recovery. Propofol is 
an excellent medium tor bacterial and fungal growth; therefore, aseptic tech¬ 
nique must )>e used when handling the drug and opened bottles should he dis¬ 
carded. Propofol may inter fere with immune function, which may be particularly 
problematic in immunocompromised patients requiring multiple sedations/ 


Occasionally ICU patients require 
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anesthesias. 61,62 Propofol has no residual analgesia beyond the duration of uncon 

sciousness; therefore, patients should be administered analgesics if invasive pro 

cedures are performed. 
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Noninvasive methods for monitoring oxygen (0 2 ) and carbon dioxide (C0 2 ) 

have been available for over a decade. The development of these technologies 

significantly changed clinical practice habits in critical care medicine. The abil- 

ity to continuously monitor 0 2 and C0 2 without serial blood sample collection 
and laboratoi analysis dramatically improved patient tare and decreased the 

amount of blood lost for laboratory evaluation. These technologies are becoming 

increasingly popular in veterinatv medicine and have been recognized as provid¬ 
ing valuable information in both the anesthesia and critical care areas. Despite 

their routine use, a survey in human medicine indicates that over 90% of clini- 
cians and support staff do not understand how these technologies operate. The 

goal of this presentation is to provide background in how these technologies 

work and their value to the critically ill patient. 
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Spectrophotometry is an optical detection method that uses light reflection 
properties of molecules to measure the concentration of a chemical species in a 
gaseous or liquid medium. All molecules and atoms share the property of ab¬ 
sorbing or reflecting light of specific wavelengths. Absorption and reflection are 
unique to that molecular structure and occur in specific portions of the light 


spec! rum. 


Both 0 2 and hemoglobin (Hb) reflect light in the infrared and red spec- 
trums. The technique of measuring the amount of (Hb that has 0> attached 

versus nonoxygenated hemoglobin is called oximetry. Similarly, the technique 

for measuring the amount of CO* in exhaled gas is called capnography. 






Hemoglobin changes it" stereochemical configuration when it interacts with or 
releases 0 2 from its chemical structure. This change in molecular configuration 
affects light absorption and reflection. The patterns associated with oxygenated 

hemoglobin (Hb0 2 , oxyhemoglobin) are distinct from deoxygenated hemoglo¬ 
bin (Hb, reduced or deoxyhemoglobin). This difference in light absorption and 

reflectance is one reason that arterialized blood (oxyhemoglobin) has a more 
intense red color than venous Hood (reduced Hb). HbO. reflects more readily 

in the red spectrum of light. At 660 nm, maximum light absorption occurs for 
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Hb€) 2 compared to Hb. The opposite occurs at nm; reduced 1 !L has maxi¬ 
mum reflectance. ! his relationship is useful to understand because it is the basis 

of all oxtmetric measurement techniques. 

OximetTy uses the reflectance relationship of Hb0 2 and reduced Hb to de¬ 
termine t ie degree of Hb saturation; that is, the quantity of Hb that has O 2 

attached. The absolute concentration of Hb0 2 and Hb are measured and inserted 
in a mathematical expression to determine the percent oxyhemoglobin satura¬ 
tion tSaOj). T ie formula used for this calculation is: 


(HRT/HbO; + Hb) x 100 
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Currently, there are two main methods for evaluation of oximetry in veterinary 
medicine, namely, pulse oximetry and co-oximetry. 
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The application of pulse oximetry has increased over the last 10 years in 
veterinary medicine. Any patient at risk of developing hypoxemia or requiring 

circulatory monitoring may benefit from pulse oximetry monitoring. The value 
of pulse oximetry is in early detection of changes in microcirculatory blood flow 
and hypoxemia associated with capillary blood flow disturbances. Therefore 
is indicated when noninvasive, continuous monitoring of arterial Hb saturation 
and development of hypoxemic episodes is warranted. 

The term pulse oximetry represents a fusion of two physiologic principles. 

Oximetry, the measurement of Hb0 2 , is quantitated using the principles de- 
scribed above. Pulsatile capillary hi > J flow is simultaneously evaluated using 

the principle of plethysmography. Pulsatile flow monitored by plethysmography 

is used as a “signal” to confirm that a correct site for oximetry measurement is 
identified. The way in which this is accomplished is that the probe views only 

pulsatile or “arterial” blood flow in determining the Hb saturation. Nonpulsatile 
components are not evaluated (Fig. 8-1). The plethysmographic signal is counted 
and reported as either heart or pulse rate on the digital display. 

Following signal detection and measurement at the tissue level, data are 
reported to the base device, which interprets and displays the information. The 

information is reported as heart or pulse rate and Hb0 2 saturation at the tissue 

bed (Sa0 2 or Sp0 2 ). These parameters are digitally displayed. More sophisticated 

units also permit visualization of the “pulse” signal on a screen display to aid in 

evaluating the signal strength and characteristics. Most units also have a light- 

emitting diode (LED) ‘bar" display or numerical indicator that will assist in 
determining correct probe placement and indicate the signal strength. Built-in 
alarms will alert the operator to incorrect probe placement, loss of signal quality, 

low and high heart rate limits, and low saturation levels. At clinically acceptable 

levels of arterial oxygenation (>70% Hb saturation), the Hb saturation reported 
by pulse oximetry is very close (within 3%) to laboratory-based oximetry mea¬ 
surements. 
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Components of a pulse oximeter waveform. Note the variable absorption compo¬ 
nent of the waveform; this is the key component that the pulse oximeter detects and 

integrates during signal processing. 


Probe placement technique and detection sites are critical to ensure accu¬ 
rate results. Several probe types are commercially available. The most common 

probe design is a transflectance probe. In this probe style, the two infrared wave¬ 
lengths (660, 940 nm) are emitted from a phototra nsm 1 1 ter diode through a thin 

tissue bed. A photoderector on the opposite side of the tissue bed detects reflected 

light at both band width> and sends the information to the base module. A 

second probe style is a reflectance probe. In this design, both the phototransmit¬ 
ter and photodetector are on the same side of the tissue bed. Light emitted from 
the phototransmitter reflects off hard tissue such as bone or cartilage and is mea¬ 
sured by the photodetector. A variation of this approach can he used in soft 
tissue by modifying the intensity of the light source and photoderector sensi¬ 
tivity. 


Reported measurement sites in companion animals include tongue, lip, na¬ 
sal septum, toe web, axilla, inguinal area, ventral surface of the tail base, and 
rectum. The most consistent detection sites are the tongue, lip, and tail base. 

This poses a limitation in awake animals necessitating use of the tail base for 
continuous measurement or intermittent measurement techniques. 

A number of factors have been reported to influence pulse oximeter accu¬ 
racy. Motion at the detection site is the most common artifact. Accurate and 

consistent results arc difficult to obtain in patients that move during measure¬ 
ment. Dyshemoglobinemias represented by carboxyhemoglobin and methemo- 

cN'in artificiallv clevau nximetr\ readings. 11\|\ .icnvuan and vasnotMna ion 

affect the pleythysmographic reading of pulsatile blood flow resulting in inaccu¬ 
rate saturation measurement. Dark skin pigmentation can reduce readings by 
dampening the iight source and detection capability. Severe anemias (<3 g/dL* 
may result in underestimation of Hb saturation. Several clinical studies have 
shown the superiority of pulse oximetry over periodic blood gas analysis in de¬ 
tecting hypoxemic episodes in critically ill patients. However, rhese studies also 
d\ow that despite the improved detection ability, no difference in morbidity or 
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mortality occurred. This may reflect the impact of operator decision-making 
rather than technology limitation. 






In vitro oximetry is performed using a to oximeter instrument. I he princi¬ 
ple of co-oximetry is similar to pulse oximetry. The difference in methodologies 

is that the co-oximeter is a laboratory-based instrument that requires an anaero¬ 
bically collected blood sample. An additional distinction is that co-oximetry 

does not monitor pulsatile flow due to the in vitro analytical methodology. 

Four separate red spectrum wavelengths are simultaneously emitted and 
passed through a chamber containing the anaerobic blood sample. A photo* letec 

tor on the opposite side of the measurement chamber quantitates the light trans 
mission. This measurement is reported for four hemoglobin species: HbO;, re 

duced Hb, carboxyhemoglobin, and methemoglobin. A total Hb value is also 

reported. Each Hb species is reported as a percent of total Hb. The sum of all 
: :.b species is approximately 100%; slight differences in individual measurement 
may make the sum of all species slightly less u.e., 99.7%). 

Co-oximetry is generally performed in conjunction with a blood gas analysis 

to determine Hb saturation. New devices have simplified the methodology and 

have excellent accuracy on small amounts of blood (50 pi). 
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Detection and measurement of CO> in pulmonary gas is an important part of 
evaluating ventilatory efficiency in healthy and critically ill patients. Several 
technologies have evolved that support these functions. 
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isposable device that colorometrically detects COj is available. T he de¬ 
vice is composed of a plastic housing with molded fittings to interface with an 
endotracheal rube and breathing circuit. The center part of the plastic housing 

contains a filter paper disk that is impregnates: with a color-sensitive pH indica¬ 
tor. Exhaled respiratory gas is hydrated by a liquid film on the paper; the resulting 

P H is detected and displayed as a color in the disk section. The zone surrounding 
the disk contains a “ring" that has different color-coded areas that represented 

different C0 2 concentrations. The color ranges from purple (0%) to yellow 
(>2% . The color shades are not entirely accurate for predicting end-tidal (X 1 
levels; the major use for this device has been to confirm endotracheal tube place 

meat into the proximal airway. 

The system is easv and accurate in all but low perfusion and respiratory 
states. The detector is not accurate in patients with cardiopulmonary arrest 

because CO 2 levels are essentially zero until spontaneous circulation is re¬ 
established. Patients with excessive gastrointestinal gas (carbonated beverages) 

may also demonstrate a false-positive result. Despite these shortcomings, the 

device is easy to use and accurate under most conditions. 
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Infrared light analysis of respiratory gases provides a quantitative meth 

for detection and measurement. This principle is applied to measurement of C0 2 
in respiratory gases. The key factor is to identify a light wavelength that provides 

maximal measurement ability without interference from other respiratory gases. 

For 0 2 measurement, a wave ength of 4.28 pm provides analysis without 
interference from other gas agents such as nitrous oxide. An LED generates a 

steady light beam that passes through a measuring chamber. A photodetector 

on the opposite side of the chamber measures transmitted light intensity. The 
detected light intensity is inversely proportional to the concentration ofC 02 in 
the analyzed gas sample. The light intensity measured at the photodetector is 

analyzed and quantitated for display to the user. 

The are two principal designs for C0 2 detection and measurement. A main- 

stream analyzer uses an optical chamber that is attached to the patient's face or 
breathing circuit. An LED and photodetector unit surround the optical chamber 
for measurement. This design has the advantage of maintaining 
breathing system to the patient without loss of gas volume. The main disadvan¬ 
tage is moisture condensation in the optical chamber that can affect accurate 
measurement. A sidestream analyzer has a sampling port and a small-bore tubing 
connection that is incorporated into the breathing circuit or attached to a face- 
ma^k. Exhaled gas is continuously sampled by active withdrawal through the 
sampling port. A small suction pump housed in the analyzer base unit performs 
this function. After withdrawal of gas, it passes through a moisture trap/desicca¬ 
tion chamber to remove condensation. Following moisture removal, it is intro¬ 
duced into the measurement chamber, analyzed, and purged to the atmosphere. 
Measurements are integrated and displayed on the front panel of the analyzer. 

Two types of C0 2 monitors are available. A capnogram displays only a 

digital value that corresponds to the end-tidal CO? concentration (described 
below). A capnograph displays the digital information and also has a waveform 
display in the monitor unit. This ability to visualize and interpret the C0 2 wave¬ 
form provides additional useful information to the clinician. 




closed 


The signal detected by the infrared detector has a rapid response time and 
car be plotted during different phases of an individual breath on a moment-to- 
momcnt basis. I he graphical plot of the changes in ( 0 2 concentrations versus 
time is called a capnogram. Capnogram waveforms can be useful in diagnosis 
and management of acute changes in respiratory function. An individual breath 

waveform is comprised of five component areas (Fig. 8-2). A zero baseline repre¬ 
sents exhaled gas that has teen in the anatomic dead space of the large conduct¬ 
ing pathways, oropharynx, and nasophamyx. This part of the waveform tracing 
is the A-B region. The rapid upstroke representing gas from the intermediate 
airways containing both fresh and exhaled gases is the B-C region. The flat pla¬ 
teau area representing mixed alveolar gas is the C-D region. The distinct end 

point of the plateau that re presents true end-tidal gas is the D point. The rapid 
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Components of a normal capnograph waveform. Segment A-B represents the zero 
baseline. Segment B-C represents the rapid, sharp rise associated with gas from the 
intermediate airways. Segment C-D represents the flat alveolar plateau associated 

with alveolar gas detection. Point D is the ETCO* concentration found in the alveo 
ius. Segment D-E represents inspiration of fresh gas devoid of CO 


2* 


downstroke of the curve associated with inspiration is the D-E region. This wave 
form component is devoid of CO 2 

Under conditions of normal lung health and physiology * the graphical point 
on the plateau just prior to downward inflection represents the mixed alveolar 

CO 2 level. This value is referred to as end-tidal CO 2 (ETCO 2 , Petcoj)- ETC0 2 

values approximate blood CO 2 levels; however, the gradient is species depen 
dent. 








AJ 


When pulmonary gas exchange is impaired, less CO* ts eliminated with 

each breath due to the reduced zones of diffusion attendant with most forms of 
pulmonary disease. In t tese cases, the PaCCb — ETOO? gradient increases due 
to a decreased ETCO : . The conditions that may contribute to this response are 
listed in Table 8-1 

Capnogram waveform changes in fall into one of two categories: change in 

individual waveform characteristics and change in waveform across time (trend 

monitoring). Changes may l^e noted in any phase of the capnogram waveform. 
In most cases, the point of change involves the plateau (C-D) end-tidal (D) 

and expiratory (D-E) waveform phases. Several characteristic patterns have been 

noted (Figs. 8-3, 8-4* 8-5, and 8-6) 
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Open ventilator circuit 
Shallow breathing 


Obstructive lung di 
Low cardiac output 
Pulmonary thromboembolism 
Excessive lung inflation 
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Figure 8-3 

Change in alveolar waveform indicating incomplete alveolar emptying. Incomplete 


emptying may be associated with asthma, upper airway obstruction, partial endotra 


cheal tube obstruction, or chronic obstructive pulmonary disease (COPD). This is one 

example of a waveform change indicating a clinical problem. (Good VS: Continuous 
End Tidal Carbon Dioxide Monitoring. In McHale DJ, Carlson KK: AACN Procedure 
Manual for Critical Care, 4th ed. Philadelphia: WB Saunders, 2001.) 
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Figure 8-4 


severe 




fusion, or cardiopulmonary arrest. (Good VS: Continuous End Tidal Carbon Dioxide 

Monitoring. In McHale Di, Carlson KK: AACN Procedure Manual for Critical Care, 4th 

ed. Philadelphia: WB Saunders, 2001.) 
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Figure 8*5 

Sudden fall in ETC0 2 indicating mechanical airway leak. Possible reasons include 

breathing circuit leak or disconnection, accidental extubation, partial airway obstruc¬ 
tion, and ventilator leak. (Good V5: Continuous End Tidal Carbon Dioxide Monitor¬ 
ing. tn McHale DJ, Carlson KK: AACN Procedure Manual for Critical Care, 4th ed, Phil 
adelphia: WB Saunders, 2001.) 


Waveforms with a normal appearance hut a higher scalar plateau represent 

elevated ETCOj partial pressure reflecting hypercapnia. A gradual rise in ETCO 

reflects increased metabolism, hyperthermia, sepsis, hypoventilation, neuromus 
cular weakness, and reduced alveolar gas exchange. A stable, sustained rise in 

ETCO 2 reflects sedative or anesthetic drugs, metabolic alkalosis, or hypoventi* 
lation. A gradual rise in both baseline and ETCO. reflects rebrearhing of CO. 


2 


gas. 


A decreased ETCO 2 with a stable plateau phase reflects hyperventilation, 

hypothermia, and metabolic acidosis. A sudden fall in ETCOj to low values 

reflects airway leak, partial airway obstruction, disconnection from a breathing 

circuit, or mechanical ventilator malfunction. A sudden fall in ETCO 2 to zero 
indicates a dislodged airway, complete airway obstruction, breathing circuit dis¬ 
connection, mechanical ventilator malfunction, or esophageal intubation. It may 

also be associated with cardiopulmonary arrest, pulmonary thromboembolism, 
or severe pulmonary hypoperfusion. A sustained low ETCO 2 without alveolar 
plateau indicates partial airway obstruction, bronchospasm, small airway mucous 
plugs, or incorrect ventilator settings. 
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Figure 8-6 

Sustained fall in ETC0 2 indicating incomplete alveolar emptying, endotracheal tube 

leak, bronchospasm, mucous plugging of the airway, or improper gas sampling 

technique. (Good VS: Continuous End Tidal Carbon Dioxide Monitoring, /n McHale 
DJ, Carlson KK: AACN Procedure Manual for Critical Care, 4th ed. Philadelphia: WB 
Saunders, 2001.) 
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In small animal species, a difference of 5 mm Hg or less is reported to he 

normal between arterial blood gas and E i CO 2 values (PaGOj 

ETCOj values will be lower than arterial values due to intrapulmonary dead 
space ventilation. 

Almost all cardiac or respiratory diseases produce an increase in the PaCO: 

— ETCO 2 gradient. In these cases, arterial blood gas analysis remains the defini- 

uve method tor evaluating C0 2 dynamics. Once the PaCO? - ETCO 2 gradient 

is established, continued monitoring using ETCC^may be more practical. 

Measurement 

Trends in 1 I'CCh can be used to monitor cardiac output. Studies have 
shown that ETCO 2 measurement correlates well with cardiac output measure¬ 
ments during volume resuscitation and during cardiopulmonary resuscitation. 
ETCO 2 has also proven useful in early detection of pulmonary thromboembolism, 

atelectasis, low cardiac output, pneumonia, and pulmonary edema. It is also use- 

ful in nu mitoring ventilator management by reporting ventilator-related mishaps 

and monitoring controlled hyperventilation. ETCC^is also useful for monitoring 

patients during discontinuation of ventilatory support (“weaning”). 
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Mechanical ventilarion has become a key support modality in emergent and 
critically ill patients. Principles and practice in this area have changed marked! 
in the past decade due to increased understanding of disease pathophysiology 
and improvements in ventilator technology. Increased demand for ventilatory 
support is based on better understanding of how to recognize need and institute 
thcrap , increased availability o! technology and support staff to implement ther¬ 
apy, and increased consumer awareness and demand for this level of support. 

The classic mechanical ventilator has changed into a sophisticated support 

device that can be used to implement support strategies that were unheard of a 

decade ago. Improved technology and increased “choice” of support techniques 

has raised the level or practice. However, application of newer support tech¬ 
niques must be based on individual patient need to avoid undue risk and comply 

cations associated with mechanical ventilation. This chapter introduces current 
principles and practices of mechanical ventilation in clinical veterinary patients. 


•j; PI 




w 


1 


11 


il 




I oIh 






There are a number ot clinical indications for mechanical ventilation. When 
surveying reasons for mechanical ventilation, there are four core profiles in which 

mechanical ventilation is indicated (Table ). 
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Inadequate ventilation to maintain blood pH level 

sed ability to remove CO* 

primary pulmonary di 

Chest wallMiaphragm injury 

CMS injury 
Apnea 

Inadequate tissue oxygenation 

Pulmonary disease that impairs 0 2 uptake 
Increased work of breathing 

Increased 0* consumption 

Respiratory muscle fatigue 

Cardiovascular support 

Congestive heart failure 

Circulatory shock 
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Each breath is divided into inspiration and expiration. Inspiration is m active 
process in which respiratory muscle contraction produces pulmonary expansion 
secondary to changes in intrathoracic volume and pressure. Expiration is a pas¬ 
sive prtKess in which respiratory muscle relaxation permits shortening ot elastic 
fibers in lung tissue producing volume reduction and gas expulsion. 

Mechanical ventilators are classified as positive or negative pressure. Their 

design is based on their method for achieving pulmonary inflation. Ventilators 
are classified as "positive pressure" it they require application of positive airway 
pressure to inflate lungs. This principle of breath delivery requires an artificial 

airway to deliver adequate breath volume. Ventilator designs are based on the 
pulmonary compliance relationship. All ventilator designs control either applied 
airway pressure or delivered gas volume per breath. Ventilators that control air¬ 
way pressure are pressure cycled; ventilators that control delivered breath volume 
are flow (volume) cycled. Breaths delivered in a pressure cycled mode are called 

"pressure-targeted” breaths. Breaths delivered in a flow-cycled mode are called 
"volume-targeted” breaths. 1 low-cycled ventilators have become the standard 
ventilator design because they deliver a reliable breath volume independent of 

physiologic changes in lung tissue or chest wall. New ventilator designs have 

the ability to operate in either pressure- or flow-cycled ventilation. These designs 

increase operator ability to modify individual elements of a breath to reduce 

hazardous side effects associated with positive pressure ventilation. 

A second factor is whether each breath is delivered using controlled or 

assisted mode. Controlled ventilation delivers each breath at a set tune interval 

irrespective of the patient’s needs. In this mode, the ventilator replaces both 

breathing function and central respiratory control. Assisted ventilation senses 

patient’s need to breathe and provides a preprogrammed breath in response to 

patient efforts. Controlled ventilation is preferred when central nervous system 
(CNS) depression (anesthesia) is anticipated. Assisted ventilation is preferred 
when central regulation is intact. 

A third key factor in providing optimal ventilatory support is delivering 

individual breaths that are patient appropriate. Each breath is a composite of 

inspiratory and expiratory components as described in the Coumand relationship 
(Fig. 9-1). Inspiration begins when the ventilator initiates breath support and 

stops when pulmonary inflation produces an inflation volume appropriate for the 

patient. Factors in optimizing inspiration include duration of the delivered 
breath, speed at which the breath is delivered, pattern of delivery, and whether 
a brief breath “hold” is needed. Expiration begins when pulmonary inflation is 

complete. Factors in optimizing expiration include duration ot breath release, 
speed of breath release, and whether the stop point for breath release is at or 

above ambient pressure. 

Over time, guidelines for ventilator settings have been developed in both 
human and veterinary' medicine (Table 9-2). The guidelines are valuable for 
initial set up and support of the patients. These guidelines are empirical because 
each patient has unique pulmonary physiology. "Fine tuning” of support parame- 
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Figure 9-1 


Graph of a ventilator-delivered breath. Breath components are identified. The plot 
also indicates PEEP reflected as an elevated interbreath baseline. 


tors requires dynamic, real-time information regarding patient response to the 
mechanically delivered breath. These factors are based on airway monitoring, 
arterial blood gases, and cardiovascular measurements. The goal is to optimize 
pulmonary gas exchange and to confirm that the breath is delivered in a “physio¬ 
logically compatible manner 

It is important to understand that ventilatory support produces global physi- 

oKigic effects on the cardiovascular, renal, hepatic, and gastrointestinal systems. 
1 Cardiovascular effects include changes in cardiac output, bl 
nous return (preload), and systemic vascular tone (afterload). Increased sympa¬ 
thetic activity in the kidney is noted by redistribution of intrarenal blood flow, 
and increased circulating levels of antidiuretic hormone, renin-angiotensin- 
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Principles of Mechanical Ventilation 

aldosterone, and atrial natriuretic peptide. Elevated hepatic vascular resistance 

and bile retention have been reported during ventilatory support. Increased inch 
dence of gastrointestinal hemorrhage has also been associated with positive pres- 

sure ventilation. 




Mechanical ventilation requires an artificial airway to interface the patient to the 
ventilator. There is a hesitancy to undertake mechanical ventilation due to the 

concern for placement and maintenance of an artificial airway. Although this is 

not a trivial issue, it should also not be a determinant for whether therapy is 
indicated. Several key points should be remembered during the decision-making 
process: 


1. The indication for intubation and mechanical ventilation is thinking of it. 

Endotracheal tubes are not a disease , ventilators are not an addiction 

3. Intubation is not an act of weakness, it is an act of kindness. 


2 . 


Conventional mechanical ventilation (CMV) remains the foundation of 
ventilatory support. CMV is delivered as either a pressure-eye led or flow-cycled 
breath. Individual breath components must be programmed and monitored to 

ensure that the support tits the patient’s demands. The procedure will be outlined 

below. 


Initially, four parameters are “patient adjusted” during ventilator setup. The 
first variable is programming assist/control or controlled ventilation. In general, 
assist-control mode is selected to permit patient participation in breath initia¬ 
tion. A “baseline* ventilator rate is included (control programming) to ensure 

that a minimum breath rate is delivered. The second variable is tidal volume. 
Tidal volume is set at 8 to 15 mL/kg/breath. As previously noted, this may be 

modified based on individual characteristics. The third variable is respiratory 
rate. This will vary depending on ventilator technology. Generally, a rate of 
16 to 20 breailis/min is initially selected. Finally, the delivered oxygen (O 2 ) 

concentration is selected. Most ventilators have an O 2 mixer whose purpose is 

to provide a known concentration of O 2 delivery to the patient. The mixer may 

deliver O 2 concentrations that vary from 21% (room air) to 100%. The goal 
is to achieve adequate arterial O 2 level {>80 mm Hg) with the minimum O 2 
concentration required. This strategy is used because it has been recognized that 

administering high 0 2 concentrations for long time periods produce acute lung 

injury (AL1) associated with O 2 toxicity. 

After the global settings are complete, individual breath configuration is 

programmed. Each breath is divided into inspiratory and expiratory components. 

Inspiratory flow rate determines the speed of breath delivery to the patient. Hie 

easiest way to adjust this is to breathe with the ventilator. If the breath seems 
comfortable, then the flow rate is appropriate for the patient. Inspiratory time 
determines the time over which the breath is delivered. Inspiratory time should 
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be adjusted to deliver the breath in 1.5 to 2.5 seconds. Inspiratory time is not 
a specific adjustment on some ventilators; it is derived from the respiratory rate 
and the percentage of each breath that comprises the inspiratory period. Inspira¬ 
tory pause (end-inspiratory pressure (EIPJ) may also he provided during the later 
stage of utspiration. This is a short time (10%-15% of the total breath) in which 

the lung is “held” at full inspiration. The value of EIP is to facilitate uniform 
gas distribution in lower airway and alveolar units. This phase of the breath 

cycle should be monitored to ensure that gas trapping associated with ventilator 

settings auto-positive end-expiratory pressure (PEEP]) does not occur. 

A critical setting is change over from inspiratory’ to expiratory phase. One of 
two key parameters determines changeover point. Pressure-targeted ventilation is 
when the ventilator is programmed to stop gas tl*>w and volume delivery at a 

predetermined airway pressure. If pressure-targeted mode is elected, key parame¬ 
ters in ventilator setup include speed of breath delivery (inspiratory time), flow 
rate associated with breath delivery (inspiratory' flow rate , and maximum airway 

pressure (peak inspiratory pressure |PIP]) at which the inspiratory cycle is stopped 
(Figs. 9-2 and 9-3). Advantages of pressure-targeted ventilation include reduced 

risk for dangerous peak airway pressure and pulmonary tissue injury’ (baro- 


Comparison of ventilatory rates and tidal volume with different ventilator principles. 
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Graph of an inverse ratio breath. Note that the inspiratory period is short compared 
to a standard breath with an extended plateau period. 


trauma). The major disadvantage of pressure-targeted ventilation is that tidal 
volume depends on mechanical properties of the lung. In general, pulmonary 
compliance is reduced in disease states affecting lung tissue (pneumonia, acute 

respiratory distress syndrome [ARDSD or pleural space (pneumothorax, hemo¬ 
thorax). In these cases, tidal volume varies with dynamic changes that occur 
during mechanical support. 

Volume'targeted ventilation delivers a constant tidal volume during each 

breath. In this mode, a calculated tidal volume or minute volume (tidal volume 
multiplied by rate) is delivered to meet patient needs. The advantage of volume- 

targeted ventilation is that a constant tidal volume is delivered during each 

breath. The disadvantage is that overinflation may produce parenchymal injury 

(volutrauma) in diseased lung tissue. Regional damage can occur even if overall 
airway pressure and tidal volume are within acceptable parameters. Regional 

damage is associated with reduced regional compliance that produces excessive 

I ultrtonary pressure and volutrauma. 

Currently, most ventilator practitioners use pressure-targeted ventilation as 
a basis for CMV support. Volume^targeted ventilation is reserved for specific 

situations; where fixed volume delivery is preferred. 
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spontaneous breathing during ventilatory support. It is a viable option to CMV 
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patient is permitted to breathe spontaneously at a comfortable respiratory rate. 

can 

programmed so that a “guaranteed” baseline support rate is delivered augmenting 
normal spontaneous breaths. IMV is triggered irrespective of the patient's breath 

rate. 

criteria as defined above. 

Two distinct IMV techniques have been clinically used. Nonsynchronized 


Periodically, a ventilator-triggered breath is delivered. The IMV rate 
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a single breath if the IMV cycle occurs during a natural breath. To avoid “breath 
stacking” (simultaneous pulmonary inflation by spontaneous and assisted means 
producing excessive pulmonary inflation), synchronized intermittent 

ventilation (SIMV) was developed. In this mode, the IMV breath is coordinated 
with spontaneous breath initiation. This avoids potential hyperinflation associ 

ated with nonsynch ionized IMV mode. SI MV has become the standard of care 

in adult respiratory medicine. 

Intermittent mandatory ventilation is more physiologic than CMV. Ad van 
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reduced risk of respiratory muscle atrophy, reduced requirement for 


perfusion 

sedation and muscle relaxation, and improved “weaning” ability. Disadvantages 

include hypoventilation and carbon dioxide (COj) retention, increased work of 
breathing, respirarory muscle fatigue, and prolonged “weaning 

One value of IMV is in transitioning the patient from CMV support during 
the “weaning” process. Permitting the patient to assume a portion of its respira 

work” is important in patients 
that have Ken on CMV tor an extended time. This role is vital to successful 
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removal of ventilatory support. 


Pressure support ventilation (PSV) is a mode in which each spontaneous 

breath receives a progr amed pressure assist to complete inspiration. PSV is 
maintained at a plateau level following breath delivery until the inspiratory pe 

riod is completed. The level of pressure support ranges from zero to a complete 
breath depending on the patient's ability to participate in developing an effective 
change in transpulmonary pressure producing a breath volume. PSV is a useful 

strategy for transition from full ventilatory support to “weaning.” Using PSV 

permits increased respiratory muscle work and helps prepare the patient for 

turn to spontaneous breathing. PSV adapts to unusual respiratory pattern or rate 
better than IMV or SIMV. Limitations of PSV include inability of the patient 
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to initiate PSV (bronchoconstriction, secretions) and equipment limitations r hat 

do not permit PSV support. 


High-frequency ventilation (HFV) incorporates strategies in which tidal 
volumes less than or equal to anatomic dead space are delivered at breath rates 

ranging from 60 to 3000/min. The precise mechanism by which these techniques 
woik is unclear; it is believed that their efficacy is due, in part, to increased 
kinetic energy in gas molecules facilitating gas diffusion in lower airways. All 
HFV techniques produce lower peak airway pressure compared to conventional 

ventilation. It is believed that peripheral airway pressures are higher and mean 

alveolar pressures are not significantly different from those observed during con* 
ventional ventilation. 

Three HFV principles have been described (see Fig. 9*2). High-frequency 
positive pressure ventilation is identical to CMV; however, tidal volumes are 
small and are delivered at a higher rate than t'MV (>60/min). High-frequency 

jet ventilation (HF(Y) uses a small-diameter gas injection catheter to provide 
pulsatile gas flow at fast rates. Additional gas volume is “entrained” with jet gas 

to provide the delivered tidal breath volume. HFJV rate appears to be most 

effective when used between 150 and 400 breaths/min. 1 ligh-ffequency oscilla¬ 
tion (HFO) uses very small (1-^ mL/kg) tidal volumes delivered at very high 

frequency (500-3000 cycles/m in). HFO ventilators actively control both inspi¬ 
ratory and expiratory phase. 

The role of HFV is still being defined. It has documented value in cases 
where chest wall movement is not desired, during bronchoscopy procedures, la¬ 
ryngeal surgery, bronchopleural fistula, and newborn (surfactant depleted) respi¬ 
ratory distress syndrome. Areas for further study include methods of cosupport 

with CMV to reduce atelectasis. Airway injury and drying are concerns with 
certain HFV modes. Monitoring of lower airway indices is also a limitation. 






The basic ventilator set up may be supplemented to provide support in the period 

berween individual breaths. Maintaining airway pressure at a positive pressure 

plateau between breaths provides important supper i in cases of intrinsic pulmo¬ 
nary' disease. Interbreath positive airway pressure is maintained by use of PEEP 

or continuous positive airway pressure (CPAP). 




This procedure maintains positive airway and alveolar pressure between 

ventilator-delivered breaths. Indications for PEEi' are respiratory disease charac¬ 
terized by hypoxemia and reduced pulmonary compliance. PEEP is composed of 
two elements: { 1) auto-PEFP, a slight positive airway pressure that is associated 

with ventilator design and operation and (2) extrinsic PEHP, which is intention¬ 
ally applied to support airway opening and patency. PEEP is used in cases of 
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surfactant-based pulmonary disease that places alveolar units “at risk” for com¬ 
plete deflation at the termination of each respiratory cycle. C onstant opening 
and closing of an individual alveolus is detrimental to normal lung homeostasis 
and delays healing of injured tissues. Alveolar units that collapse and expand 
with each breath do not effectively participate in 0 : exchange. Mechanical cy¬ 
cling of pulmonary tissue above and below alveolar closing volume may induce 

shearing stress and increase risk of pulmonary tissue injury and gas leak into the 
pleural space. 

Increasing gas flow resistance on the expiratory limb of the ventilator circuit 

creates PEEP. Methods for producing PEEP include variable resistance spring- 

loaded valves, fixed-weight ball valves, or a length of tubing placed in i water 

trap. The scale for PEEP is generally reported in centimeters of water pressure. 

PHEP application is empirical in that no one level is best for all patients. Each 
patient must he adjusted to its own PEEP level. This is pragmatically accom¬ 
plished by serially increasing PEEP by 5 cm water steps at 30-minute intervals 
and monitoring blood gases and hemodynamic parameters. The PEEP level that 
produces the highest Pa0 2 with the least drop in blood pressure and cardiac 

output is classified as “best PEI.P” for that patient. Fine tuning within a 5-cm 

water range may he needed to specifically target the best PEEP level. 

Problems associated with PEEP include decreased preload to the right and 

left heart, reduced cerebral perfusion, increased dead space ventilation, and baro¬ 
trauma. 






Continuous positive airway pressure is useful in transition from ventilatory 

support to spontaneous breathing. CPAP is used to maintain a positive airway 

pressure during all phases of the ventilation in spontaneously breathing patients. 

It may be combined with core support modalities including 1MV and certain 
HFV techniques. By exposing the patient to a constant gas flow delivered 

through the breathing circuit, CPAP helps maintain pulmonary inflation and 
functional reserve capacity during transition between mechanical support and 

weaning. CPAP is also helpful in conditioning weak respiratory muscles to facili¬ 
tate transition to spontaneous breathing. 

The key advantage of CPAP is to maintain alveolar inflation during all 
phases of spontaneous breathing. Constant alveolar inflation results in improved 
0 2 delivery, CO 2 removal, and better ventilation-perfusion matching. Disadvan¬ 
tages of CPAP are similar to those noted for PEEP. 






























Mechanical ventilation has risks attendant with its use. The greatest risk is im¬ 
proper ventilatory support producing mechanical lung injury' and comorbidity. 
In the past decade, several new strategies to improve intrapulmonary gas ex¬ 
change and reduce potential pulmonary injury have been described. There is 
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still emerging information regarding indications and use for “lung protection 
strategies. The current strategies will he briefly described below. 
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High tidal volume support has been shown to increase parenchymal injury 
and inflammation in patients with ARDS and ALI. Recent studies indicate that 
decreased inflammation and increased survival occur when high PEEP levels 

(10-20 cm HjO) are used to maintain alveolar inflation. Tidal volume (6-8 

mL/kg) and peak airway pressure (30 cm H : 0) should he kept as low as possible 
to prevent alveolar distention and “volutrauma.” Tidal volume should be calcu- 
lated on ideal bixly weight rather than actual body weight due in patients with 
high body condition scores. 


Permissive hypercapnia is a strategy that places a higher priority on avoiding 

pressure-induced tissue injury than maintaining optimal levels of minute ventila¬ 
tion (tidal volume multiplied by rate) and CO 2 elimination. The goal of this 

strategy is to protect damaged tissue from ventilator-induced injury by permitting 

PaCOj to rise above a physiologically normal value. This is helpful in preserving 

tissue stability in acute inflammatory disease where tissues are fragile, airway 
resistance is high, and there is nonuniform gas distribution to parenchymal zones. 

Permissive hypercapnia appears to reduce ventilatory workload, the pressure 
cost of breathing, and support rate. Gradual PaCCh increase over a few hours 

produces minimal shifts in intracellular pH and is generally well tolerated. As 
PaCO : rises, each breath exhales more CO 2 than normal thus increasing elimina¬ 
tion efficiency. Studies in humans indicate that pH may he maintained in the 
range of 7.15 to 7.20 for extended periods without significant comorbidity. 
Abrupt pH changes are accompanied by bicarbonate loss and wall require sup¬ 
plementation to maintain bicarbonate levels in the reference range. Gradual 

“compensation” for this state occurs over a period of several days normalizing 
pH. This is achieved by renal bicarbonate retention; this response blunts respi¬ 
ratory drive. Permissive hypercapnia is contraindicated in patients receiving i- 

adrenergic blo< Ling dings, those with intracranial pathology, hemodynamic in¬ 
stability, pulmonary hypertension, or severe hypoxemia. 

Permissive hypercapnia is initiated by adjusting ventilator rate, tidal vol¬ 
ume, minute volume, and peak airway pressure to less than calculated values. The 

most effective strategy’ is to gradually reduce tidal and minute volume, thereby 
decreasing peak airway pressure. Ventilator rate is generally set in normal range 
and decreased only if volume adjustment does not produce CO 2 retention. 


Inspiration occupies a shorter duration than expiration in normal breathing 
ITiis principle is also used in ventilator support strategies. Ventilators are gener 
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ally programmed so tliat the inspiratory/expiratory (I:E) ratio is approximately 
the same as a normal breath (an I :E ratio of 1:2). In the past decade, evidence 

indicates that prolonging the inspiratory period improves intrapulmonary gas 


exchange in diseased lung (see Fig. 9-3). This strategy is useful in patients with 


respiratory disease characterized by alveolar instability and collapse. Patients 

with pneumonia or AROS have demonstrated benefit trom this ventilator 


strategy. 


Two strategies have been used to modify I:E ratio. When volume-targeted 
ventilation is selected, increasing inspiratory time and adding end-inspiratory 

pause increases I: E ratio and enhances lower airway gas distribution. In this 

mode, improved gas distribution is due to recruitment of pulmonary regions with 
long inflation time constants. When pressuie-targeted ventilation is used, rapid 
pulmonary inflation is achieved by selecting a decelerating flow pattern. This 
maneuver maintains a preset pressure for a longer period during the inspiratory' 

phase. By maintaining peak airway pressure for a longer period during each 

breath, improved gas distribution occurs for reasons noted above. 


tending I:E ratio to greater than 4:1 may impair venous return and cardiac 
output. Gas exchange may actually be impaired at high ratios evidenced by de¬ 
creased Oi and increased CO 2 partial pressure values. This strategy should be 

used only by personnel familiar with pulmonary physiology and experienced with 

ventilator application. 




1 he goal of monitoring during ventilatory support is to evaluate patient response 
and provide a basis for identifying physiologic changes that may occur during 

the support period. Data relevant to the output, efficiency, capacity, and reserve 

of the respiratory system is important to patient management during cardiopul¬ 
monary failure. Monitoring techniques may he classified as thovse that character¬ 
ize pulmonary gas exchange, ventilatory capacity, and dynamic characteristics. 


Arterial bK>od gas analysis is the “gold standard' method for evaluating 

pulmonary gas exchange. Understanding individual blood gas components and 

interpreting what values indicate is key to evaluating the ventilator patient. 

Blood gas indices important to the ventilator patient include pH, PO 2 * PCO 2 , 
SO?, bicarbonate, and base excess. A comprehensive review of each parameter 
and its importance is reviewed in Chapter 19. 

Oxygen upt ike and transmit is a key concern. The ability of the injured 


effectively support 0 2 uptake is evaluated by PO 2 , SCO 2 , and alveolar 


lung to 


eased lung to excrete waste products is represented by PCO 2 , which provides a 

means for the clinician to determine how well the animal is ventilating. Many 

decisions regarding ventilator settings and patient response are made on the basis 
of evaluating these parameters. 
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Efficiency of O 2 exchange is im 

monary gas exchange at the alveolar level. Efficiency may be computed by evalu- 

aring alveolar 0 : tension and the difference in alveolar-arterial O tension. This 

parameter provides information regarding the estimated O 2 partial pressure at 
the alveolar level of the lung. Alveolar O 2 tension (PAO 2 ) is calculated in the 
following manner: 


>rtant to understanding dynamic pi I 


(1.25 X PaC0 2 ) 


1 > A O 


PiO 


2 


2 


where P 1 O 2 = (barometric pressure — 50) X Fi0 2 . F 1 O 2 represents the inspired 

O 2 concentration. Under room air conditions, Pa T is 100 to 110 mm Hg. 

This information is also used in estimating the alveolar-arterial 0 2 tension 
difference as follows: 


a)0» = PaO? — PaO 


P(a 


2 


2 


2 


where PaO? is the partial pressure of O? in arterial blood measured from blood 

gas analysis. Expected value is 10 to 15 mm Hg in room air (FiQ 2 

rapid assessment may be performed by calculating the Pa0 2 /Fi0 2 ratio. This 

ratio may be rapidly calculated with information obtained from blood gas analysis 
at a known inspired 0 2 concentration. Patients with normal pulmonary function 

have a ratio of 4 to 5. This decreases with pulmonary disease and intrapu 1 monary 
shunting. A minimum of 2 to 3 is required to maintain adequate tissue oxygen¬ 
ation. 


0.21). A 


The classic methodology for evaluating 0 2 efficiency is to calculate venous 
admixture and shunt. This is desen bed in Chapter 2. Pulse oximetry is a valuable 

tool for monitoring patient oxygenation at the tissue level. In conjunction with 
arterial blood gas evaluation, it provides an indicator of the adequacy of 0 2 

uptake and delivery to tissue beds. As a general rule, trends in oximetry values 
are of greater significance than the absolute saturation value. A detailed review 
of pulse oximetry is found in Chapter 8. 


Efficiency of C0 2 exchange is important to maintain physiologic func¬ 
tion. There is a direct correlation between PaC0 2 and alveolar ventilation. This 

parameter is maintained m the ventilator patient by controlling ventilation and 
quieting muscle activity with sedation and/or paralysis. The CO 2 level is affected 
by both intrapu I monary and extrapulmonary factors. For example, the lung may 
be capable of excreting C0 2 but hypoventilation may be present due to the 

action of sedative or anesthetic drugs. Thus, patient evaluation is essential to 
understanding the origin of CO? levels outside reference range. 

The diagnosis of inability to excrete C0 2 is based on monitoring exhaled 
gases by capnography and measuring arterial partial pressures of CO 2 . This infor¬ 
mation is used to calculate the dead space fraction, which indicates the fraction 

of wasted ventilation. Dead space is calculated as follows: 


Vd/Vt = (PaC0 2 


P E CO : )/PaCO 
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where PaCO^ is arterial partial pressure of C0 2 and PeC 0 2 is end expired con 

centration of CO 2 measured by capnography. 
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A number of measurements may be performed to evaluate the status 

of the lung and chest wall in an individual patient. Sophisticated devices and 

techniques have emerged to provide real-time evaluation of mechanical func¬ 
tion. Sever al techniques or monitoring pulmonary function have l>een described 
and are useful in monitoring dynamic changes in pulmonary mechanics. Most 

indices are based on monitoring airway pressure and volume as defined in the 

pulmonary compliance relationship. Peak airway pressure may be monitored for 

changes that indicate altered pulmonary compliance. Although crude, peak pres¬ 
sure gives a composite evaluation of inflation volume, flow resistance in airways, 

and elastance of the lungs and chest wall. At a constant inflation volume, peak 
pressure is directly related to airflow resistance and elastic recoil force (elastance) 

of die lung and chest wall. End-inspiratory plateau pressure (EIP) is helpful in 
determining pulmonar elastance. EIP is performed by temporarily occluding the 
expiratory tubing at the end of expiration. When the inflation volume and pres¬ 
sure is held at the termination of a delivered breath, the proximal airway pressure 

decreases initially and reaches ;i plateau is intrapulmonary volume distribution 

is completed. Because no airflow is occurring, airway resistance is negated; there¬ 
fore, EIP reflects elastance of the lungs and chest wall. This information may be 

used with peak airway pressure as follows: 
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Newer ventilators have the ability to monitor expired gas volume on a 
breath by-bread basis. This feature provides useful information regarding patient 

status as well as monitoring breathing circuit function. Comparing preset tidal 

volume and pressure to measured expired volume is useful in determining deliv¬ 
ered volume, potential circuit leaks, and pathologic gas volume losses such as 
bronchopleural fistula or : llmonar rupture due to ventilator support. Sudden 
changes in expired volume and flow should be investigated to identify the under¬ 
lying cause. 
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The goal of ventilatory support to allow the patient to emerge from the “crisis 
period and resume normal ventilatory function. One of the critical decisions 
that a clinician makes is when, and how, to discontinue ventilatory support. This 

is a challenging decision that is based on both science and clinical experience. A 
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Success 


Normal 


Threshold 


/Fi 0 2 (100% 0 2 support) 


Pa O 


> 


200 


Tidal volume (mL/kg) 
Respiratory rate (min) 


5 


5-7 


14-20 


Minute ventilation (L/min) 


1 


Predictive Value 


Maximum inspiratory pressure (cm 

HiO) _ 

Rate/tidal volume 


40 


25 


<50/min/L 


<75/min/L 


cohort of weaning parameters has been defined in human critical care (Table 9-3). 

These parameters are predictive in that meeting the criteria increases the 
chances of successful transition. It should be noted that these parameters are 

guidelines and should he balanced by clinical observation of the patient’s ability 
to undergo transition to spontaneous breathing. 

There are two approaches to withdrawing venti atory support. One involves 
alternating periods of spontaneous breathing w'ith mechanical support. The other 

involves a gradual reduction in the fraction of total minute volume supplied by 
the ventilator. Prior to initiating either strategy, a trial challenge to evaluate 
the patient’s ability to breathe spontaneously should be performed. Several op¬ 
tions for interspersed spontaneous breathing and mechanical breathing are avail¬ 
able. The simplest form is the T-piece trial A T-piece breathing system as u>ed 
in anesthesia is substituted tor the ventilator breathing circuit. High-tlow 0 2 is 
provided to the patient through the T-piece. The patient is evaluated for a speci¬ 
fied time period (0.25-2 h). Evaluation includes physical parameters of respira¬ 
tory rate, tidal volume, breathing effort, and 0 2 tension, P0 2 , and Sa0 2 . If the 
patient is successful in completing this trial, increased confidence of successful 
weaning is present. Progressive increase in trial periods may enable the patient to 

transition to spontaneous breathing without any further support. By permitting a 

“rest” phase between trials, one is “training” the atrophied respiratory muscles 

to recover and progressively assume an increased workload. 

Synchronized 1MV and PSV are also used in weaning. S1MV is commonly 
used due to the ability to predetermine a baseline respiratory rate and tidal vol¬ 
ume. The patient is permitted to augment the baseline support level based on 
the capability to contribute spontaneous breaths. PSV is designed to he used as 

a partial ventilatory support role during transition from full support to discontin¬ 
uation of support. The patient initiates a breath that is supplemented by the 

ventilator to a predetermined airway pressure value. This strategy is helpful in 

progressively shifting work of breathing from the ventilator to the patient. In 

several human studies, T-piece, S1MV, or PSV techniques were equally success¬ 
ful in weaning the patient from ventilator support. 
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Wearing strategies may include PEEP or CPAP as a component of support. 
The use of these modalities is based on the requirement for continued pulmonary 
inflation to maintain functional reserve capacity and reduce inspiratory effort. 




Ventilators disturb normal physiology and may create pathology with inappropri¬ 
ate use and management. Potential problems are associated with cardiovascular, 


culty or inability to discontinue ventilatory support. 


Mechanical ventilation is well tolerated in patients with normal cardiac 
function, autonomic tone, anil intravascular volume. Patients may have impaired 
hemodynamic function if abnormalities associated with the above indices are 
present. Risk factors contributing to unstable cardiovascular function include 
decreased venous return to the right heart, compression of atrial and ventricular 
free walls during positive pressure delivery, and reduced cardiac output secondary 
to reduced “preload.” PEEP may further affect these changes by creating a con¬ 
stant positive mtrathoracic pressure gradient during the ventilatory cycle. 


Upper airway complications include sinusitis and pharyngitis secondary to 
impaired drainage and clearance of resident flora. Problems associated with arti¬ 
ficial airway presence include laryngeal injury and malacia, tracheal mucosal in¬ 
jury and necrosis secondary to cuff pressure, cuff deflation and loss of airway 

“seal,” endobronchial intubation secondary to tube movement, and airway occlu¬ 
sion with mucus or blood. 

Lower airway complications are more commonly noted with positive pres¬ 
sure ventilation. Pulmonary overinflation (volutrauma, barotrauma) is the most 
common complication reported with positive pressure ventilation. Overmflation 
injury produces alveolar rupture and communication with the pleural space pro¬ 
ducing tension pneumothorax. Bronchiolar damage and systemic gas embolism 

have also been demonstrated. In extreme cases, tracheal rupture may produce 

pneumomediastinum and subcutaneous emphysema. Overinflation will produce 
tissue inflammation secondary to stress fractures of the alveolar epithelium and 
capillary endothelium. This damage produces a water and protein leak into 
the alveolus evoking an inflammatory response. Inflammation may produce pul¬ 
monary edema, surfactant dysfunction secondary to hyaline membrane disease, 

ALL and regional inhomogenicity of inflation and perfusion (V/Q mismatch). 
Ventilator-acquired pneumonia (VAP) is always a concern because normal upper 
respiratory defense mechanisms (glottic closure, mucociliary escalator transport, 
and pharyngeal clearance) are bypassed. Infection source may be from the upper 
airway region, gastric content aspiration, or primary pulmonary infection. The 

primary source of infection may be hematogenous or airw ay related. Risk factors 
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immobilization, immune com 


for VAP include impaired nutritional starus, age 

promise, and poor hygiene management during support. 


pressure ventilation. Increased b 'P may contribute to secondary cerebral edema 
and neurologic dysfunction of the thalamic, hypothalamic, pontine, and medul- 
lary regions. These changes may contribute to the syndrome noted as “failure 

It is important to separate central neurologic origin from peripheral 


to wean. 

and musculoskeletal origin elements. 


Mechanical ventilation has been recognized to produce changes in renal 
function characterized by decreased glomerular filtration rate, urine output, and 

urine sodium levels. Several mechanisms have been shown to be associated with 

altered renal function. Decreased cardiac output secondary to ventilation alters 

intrarenai blood flow distribution with the juxtaglomerular zone receiving in¬ 
creased flow facilitating sodium and water retention. Increased sympathetic 
activation associated with decreased carotid sinus baroceptor function ampli¬ 
fies reduced renal blood flow and sodium retention. Increased renal venous 
pressure also contributes to decreased renal blood flow. Activation ot the renin- 
angiotensin-aldosterone and antidiuretic hormone mechanisms has been noted 

during ventilatory support. Atrial natiuretic factor is also released and contrib¬ 
utes to water and sodium retention. 


Hepatic dysfunction may occur secondary to reduced hepatic perfusion and 
O 2 delivery. This is due to decreased portal blood flow and increased hepatic 

vascular resistance. Increased bile duct pressure has been noted with positive 
pressure ventilation. Increased biliary pressure is reversed when spontaneous 
breathing is reestablished. 

Gastrointestinal function is affected by positive pressure ventilation. The 

incidence of gastrointestinal bleeding is increased by 40% in patients supported 

for more than 3 days. This is due to changes in gastrointestinal perfusion pressure 

secondary to decreased systemic bl 


1 


pressure and increased venous pressure. 




a 
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Long-term ventilatory support may be accompanied by a challenging transi¬ 
tion from support to spontaneous breath mode. Unfortunately, there are no accu¬ 
rate predictors of success other than trial events. In many cases, weaning is suc¬ 
cessfully accomplished over a period of several hours. However, there are cases 
where weaning may be delayed or unsuccessful. These cases provide the greatest 
challenge and require identifying possible reasons for failure. Three physiologic 
parameters must work in harmony tor weaning to be successful. Each parameter 
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requires careful assessment to determine which component may play a role in 

the delayed weaning process. 


Inadequate respiratory center control may produce delayed weaning. 
1 he most common reason for inadequate respiratory center control is residual 
effects of sedative drugs. Patients that have endured a multiple day sedation 
protocol have altered neurotransmitter function that may produce adverse effects 
when recovering from sedation. If long-term sedatives (i.e., pentobarbital) are 

used, a time window for drug withdrawal must occur prior to final weaning. In 
general, a 24-hour transition period from pentobarbital should he used to im¬ 
prove weaning. Sedation may be maintained with either diazepam or propofol 

infusion during the transition period. In cases of prolonged sedation (>1 wk), 

an inc r eased risk of seizures may occur during emergence. Prophylactic phenobar- 

hfal therapy >hould be initiated and pentobarbital reduced bv per day until 

less than 1 mg/kg/h is infused. It may then be discontinued to facilitate emer¬ 
gence and spontaneous ventilation. Patients with primary intracranial disease 
may have difficulty weaning from ventilatory support. Primary damage to respira¬ 
tory control centers in the pons and medulla may produce delayed weaning. 

These patients may not require sedation hut will not wean unless functional 
recovery of these areas occur. Injury or disease of the anterior cerv ical spinal 

column may also produce pontine and medullary pathophysiology that results 

in delayed weaning. These patients may benefit from airway management alter¬ 
natives including tracheostomy, which will permit ventilatory support with mini¬ 
mal sedation. 


orklo 






Increased respiratory workload greater than respiratory muscle capacity is 
a second factor in weaning failure. Increased workload may be associated with 
increased respiratory rate and effort during weaning, increased metabolic rate 
due to fever, sepsis, agitation, or pain, low thoracic or pulmonary compliance 

secondary to injury or disease, lower airway obstruction, secretion retention, un¬ 
dersize endotracheal tube, and excess levels of PEEP or CPAP support during 
weaning. Nonpulmonary factors include obesity, ascites, pleural fluid, and venti¬ 
lator circuit resistive load. 






Decreased respiratory capacity is the third major factor in delayed weaning. 

The magnitude of pulmonary parenchymal injury may reduce functional lung 

tissue producing insufficient pulmonary reserve to meet norma! gas exchange 
demands. These cases will require an extended period of support until functional 
recovery occurs. 

Depressed respiratory drive secondary to sedation, alkalosis, and hypothy¬ 
roidism may also produce decreased respiratory- capacity. Impaired signal trans- 
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mission to respiratory muscles associated with spinal disease or injury, phrenic 
nerve injury, peripheral neuropathy, or neuromuscular junction alteration may 
contribute to decreased capacity* Primary muscle weakness associated with mal- 
nutrition, electrolyte and acid-base disturbance, or endocrinopathy may also 
decrease capacity* 

Patients that have difficult weaning may require reintubation and short¬ 
term support until muscle power is regained. Short periods of spontaneous 
breathing are done to increase respiratory “work” and retrain dormant muscle 

groups. Increased work may be generated by use of PEEP or CPAP during these 
periods. Gradual withdrawal of support by use of intermittent spontaneous 
breathing periods, PSV, or CPAP may be selected to facilitate weaning. 
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Mechanical ventilation requires the knowledge of physiologic principles and the 
ability to apply them in a clinical environment. Ventilatory support can be re¬ 
warding and successful when early recognition of need and therapeutic interven¬ 
tion occurs. Mechanical ventilation provides support during the critical disease 

period by reducing O? consumption needed for vital functions, thereby conserv¬ 
ing O 2 for tissue repair and healing. 
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INTRODUCTION 


Upper gastrointestinal (GI) endoscopy is a minimally invasive, atraumatic tech* 
nique that permits direct visualization of the esophagus, stomach, and small in¬ 
testines. In emergency medicine, upper GI endoscopy plays an important diag¬ 
nostic role in the evaluation of the upper GI tract following caustic injury and 
acute GI hemorrhage, and a therapeutic role for the removal of foreign 
These endoscopic procedures offer a valuable alternative to surgical intervention. 

Once the decision is made to incorporate endoscopy into an emergency 

practice, it is necessary to develop appropriate endoscopic skills. This requires 

becoming knowledgeable about normal endoscopic anatomy and familiar with 

the appearance of common lesions. More importantly, the clinician should re¬ 
ceive appropriate hands-on instruction and devote the time and effort required 
to become proficient in its use. 

Before discussing the specific roles of GI endoscopy in emergency medicine, 

ic equipment and endoscopic 


1 ; 


ies. 




it is important to first review 
technique involved in upper GI endoscopy. 


Both rigid and flexible endoscopes can be useful in upper GI endoscopy. Most 
rigid endoscopes are approximately 25 cm in length and have an outside diameter 
of 20 mm \ dig. 0-1). This type of endoscope is inexpensive and easy to use. 
Rigid endoscopes are most valuable for assisting in the removal of esophageal 

foreign bodies. Poor visualization, imited maneuverability, and relatively short 
length, compared to flexible endoscopes, limit the use of rigid endoscopes for 
other diagnostic or therapeutic procedures in the upper GI tract. 


and sizes of endoscopes available as well as an understanding of the functional 
components of an endoscope. 1 A number of flexible endoscopes of different 
makes, lengths, diameters, and functions are available for use in evaluation ot 
the upper GI tract. Most endoscopes used in the practice setting contain fiberop¬ 
tic bundles that deliver bright light to the endoscope tip and transmit an image 

to an eyepiece. Video endoscopes use electronics in place of fiberoptic bundles 

to relay an image to a processor and video monitor. Selection of a flexible endo¬ 
scopes should be based on specific needs, intended use, and cost. Too often cost 
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Figure 10-1 

Examples of rigid endoscopes used for examination of the esophagus and removal of 
esophageal foreign bodies* An insufflator (below) f attached to the endoscopes, dis¬ 
tends the esophagus, allowing for better visualization. 


is the major determinant in the selection of a flexible endoscope. Inexpensive 
flexible endoscopes often have poor optics and handling characteristics resulting 
in poor diagnostic capabilities and user frustration. Purchasing a gocxbquality 

flexible endoscope will improve diagnostic and therapeutic capabilities and result 

in increased use, offsetting the higher cost of the instrument. 

Versatility is important in small animal veterinary medicine as patient size 

varies. A flexible endoscope to be used for upper Cl endoscopy in dogs and cats 

should possess the following characteristics: a working length of at least 100 cm, 

ideally 125 cm; an insertion tube diameter of less than 10 mm, preferably less 

than 8.5 mm; a minimum operating channel diameter of 2.0 mm with an ideal 

size being 2.8 mm; four-way distal tip deflection with at least 180° to 210° in 
one direction and 90° to 100° in the other three directions; automatic air-water 

insufflation; suction capabilities; a forward direction of view; an angle of view 

ot 90° to 120°; a depth of field of 3 to 100 nun; and comfortable handling. Light 

sources for the endoscope should be halogen, or preferably, xenon. A portable 
vacuum source is sufficient. A variety of quality veterinary and human endo¬ 
scopes, new and used, are available. 2 

Additional instrumentation required for endoscopy in the emergency set' 
ting include biopsy forceps, cytology brushes, and foreign body retrieval instru¬ 
ments. The author prefers fenestrated ellipsoid biopsy forceps. Foreign body re¬ 
trieval instruments that are most useful are the rat-tooth forceps, alligator-jaw 

forceps, polyp snare, and wire basket. Rat-tooth forceps are most often used tor 

small or flexible (e.g., cloth, rubber) objects that have a narrow edge. Alligacor- 
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are observed in the distal esophagus in the cat. Little or no fluid is normally found 

in the esophageal lumen. In the proximal esophagus, an impression of the trachea 
can be seen. Pulsations of the heart and aorta are visualize I in the thoracic esoph¬ 
agus. In the distal esophagus of the cat, concentric circular rings are observed 
because of the presence of smooth muscle. The gastroesophageal sphincter 'ES) 
is usually closed in the normal animal. The bright pink to red color of the gastric 
mucosa is often visible in the GES, creating a rosette appearance. 








Following examination of the esophagus, the endoscope is centered at the 
GES and gently advanced into the stomach. When properly directed there 
should he no resistance to advancing the endoscope into the stomach. The larger 
lumen of the stomach requires that the endoscopist develop a systematic ap¬ 
proach to gastroscopy, otherwise lesions will be missed. During initial examina¬ 
tion, the stomach should he examined for the presence of ingesta or fluid, 

of distensability of the gastric wall during insufflation, and the appearance of the 

rugal folds and mucosa. Submucosal vessels are not normally observed except in 
the cardia. 

On entry into the stomach, the rugal folds on the greater curvature are ob¬ 
served. Following evaluation of the rugal folds, insufflation of the stomach is be¬ 
gun. The stomach should be distended until spatial orientation is achieved. Care 
must lse taken not to overdistend the stomach, which can easily and quickly occur 
in the cat due ro its relatively small stomach size. Gastric overdistention can cause 
respiratory compromise and may activate vagal reflexes that produce bradycardia. 
Overdistention also can make endoscopic duodenal intubation more difficult by 
stimulating antral and pyloric contractions. Once spatial orientation is achieved, 
the endoscope is passed along the greater curvature following the rugal folds until 

the incisura angularis comes into view'. The incisura angularis is a narrow shelf 

of tissue that separates the pyloric antrum from the lesser curvature of the gastric 

body and is an important endoscopic landmark. The endoscope is then moved 

along the greater curvature into the antrum. The antrum contains no rugal folds. 
The antrum in the cat is small and attached more acutely to the gastric body 

than in dogs. This makes it more difficult to obtain a direct frontal view of the 

angularis incisura, a view that is easily achieved in the dog. Manipulation of the 
endoscope in this area is limited by the small luminal diameter, making it more 
difficult to advance the endoscope into the antrum. For this reason, the endoscope 
may retroflex into the gastric body instead of entering into the antrum. 

Once in the antrum, the endoscope is slowly advanced toward the pylorus. 

The pylorus in most dogs is readily visible. The appearance and location of the 
pylorus will vary. In general, the pylorus lias clean margins, is not obscured by 
excessive folds, and demonstrates rhythmic opening and closing. The pylorus is 
aligned in the center of the visual field and the endoscope is advanced into the 
duodenum using slow, steady, gentle pressure. Rapid and forceful advances of 

the endoscope should be avoided. In some cases, entry into the pylorus is difficult. 
Closing of the pylorus is a normal physiologic response to gastric distention. If 
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gastric distention is minimized, the pylorus is usually in a more relaxed state 
facilitating passage of the endoscope. Positional changes (dorsal or right lateral 
recumbency) of the patient also may facilitate passage. As the endoscopist be- 
comes experienced drug intervent ton is not needed. 

After passage through the pylorus, a blurred image is commonly observed 
because tire endoscope tip is against the wall tv the duodenum as it makes a 
sharp angle away from the pylorus. Turning both control knobs in a clockwise 

directum to provide a downward and right tip reflection while advancing the 

endoscope usually facilitates advancement into the duodenum. The duodenal 

mucosa has a more granular and friable nature than the stomach mucosa. The 
major dui vlenal papilla is <>bscrvcd tn most dogs and is rarely seen in eat^. 1 areful 

examination may reveal the minor duodenal papilla in dogs. Peyer s patches are 

often observed in the nondistended duodenum. After the endoscope reaches it> 

full working length it is slowly retracted. 

Thorough examination of the duodenum anc stomach is best accomplished 

as the endoscope is slowly retracted. Diagnostic procedures or therapeutic proce¬ 
dures are performed at this time. When the endoscope is retracted proximal to 

the incisura angularis, the tip of the endoscope is retroflexed allowing visualiza¬ 
tion tv the undus and cart ia, the latter region being defined by the location of 

the entrance of the endoscope into the stomach. Torquing the endoscope at this 

point will provide complete (360°) evaluation of this area. The retroflexion of 
the scope is corrected and the endoscope is retracted further along the greater 
curvature. At this point, insufflation of the stomach should be sufficient to cause 

flattening of the rugal folds facilitating observation of the entire gastric mucosa. 

Overdistention must be avoided. After retraction of the endoscope into the 
cardia, all air is suctioned from the gastric lumen and the endoscope is removed. 
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Removal of foreign bodies is the most common use for G1 endoscopy in the 
emergency setting. In fact, endoscopic retrieval has become rhe procedure of 
choice for dealing with retained esophageal and gastric foreign bodies. 

Foreign bodies are more often encountered in young animals, with dogs 
being more often represented than cats due to their indiscriminate eating habits. 

Ingestion of foreign bodies most often occurs during a pillage through garbage 

or while playing. Ingestion of a foreign body is often observed or suspected by the 
owner; however, small animals that present for excess salivation, regurgitation, 

vomiting, or clinical signs of intestinal obstruction should always be considered 

as suspects. 

The ingestion of foreign bodies should always he confirmed radiographically 

before considering en<bscopy Impending on the animal's clinical signs, survey 

radiographs of the thorax and abdomen should he performed. Radiographs of 

the cervical soft tissues also should he obtained if an esophageal foreign body is 

suspected. Radiopague objects usually are easily localized (Fig. 10-2). A thorough 
evaluation of the survey radiographs should he conducted to ensure that addi¬ 
tional foreign htxlies, which may he less obvious than an easily recognizable 
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Figure 10-2 

Lateral abdominal survey radiograph in a young dog. A round foreign object is 
noted within the stomach. The object was found to be a hollow rubber ball on endo 
scopic removal. 


radiopaque object, are not present. Diagnostically, radiolucent foreign bodies 
present more of a challenge. Radiolucent gastric foreign bodies may be suspected 

if generalized or segmental gastric distention is observed. The presence of gas 
may help identify the foreign hotly. Negative (air) or positive (barium) contrast 
agents can assist in the identification of radiolucent foreign bodies. The size of 
foreign bodies composed of both radiopague and radiolucent materials may he 
underestimated on survey radiographs. Survey or contrast radiographs should also 
be scrutinized for evidence of esophageal or gastric perforation. 

The decision to remove a foreign body must be individualized in each case. 
Most foreign bodies pass through the GI tract without complications. The size, 
shape, location, and tyjie of foreign body and the degree, duration, and progress 
sion of clinical signs are important factors to consider when contemplating inter¬ 
vention versus conservative management. The majority of esophageal and gao ric 
foreign bodies can be removed endoscopically. To determine the feasibility of 
endoscopic retrieval consider the size, shape, and weight of the object. This 
will also help determine which retrieval instrument to use. Before attempting 
endoscopy, the retrieval instrument to be used should he evaluated to see if it 
can grasp and hold a similar object. Foreign objects that reach the small intestine 

usually cannot he removed endoscopically unless the objects are located in the 
proximal duodenum. Endoscopic removal of Gl foreign bodies usu illy minimizes 
morbidity and mortality, reduces anesthetic and hospitalization time, and de¬ 
creases patient costs. 


Copyrighted material 



I Standard Practices in Patient Care 


120 


Tie most commonly encountered esophageal foreign bodies in dogs are 
bones and fish hooks. In cats, bones, sewing needles, fishhooks, and hairballs 

appear to make up the majority of esophageal foreign bodies. 9 Hairballs enter 
and lodge in the esophagus from the stomach during vomition. Clinical signs 
associated with esophageal foreign bodies are usually acute and include excess 

salivation, dysphagia, regurgitation, and anorexia. The severity of clinical signs 
depends on the type of foreign body, degree and duration of luminal obstruction, 
extent of damage to the esophageal wall, and the presence or absence of esopha¬ 
geal perforation. Esophageal foreign bodies commonly lodge at areas of anatomic 
narrowing, which are the areas just caudal to the upper esophageal sphincter, 
the thoracic inlet, the heart base, or the esophageal hiatus. Removal of esopha- 
geal foreign 

cations such as aspir.ition pneumonia, esophageal perforation, and mediastinitis 

increases with time. Foreign body impaction in the proximal esophagus may also 

cause respiratory distress because of trachea l compression. Removal of esophageal 

foreign bodies should first be attempted endoscopically, unless evidence of esoph¬ 
ageal perforation exists. Surgery of the esophagus should be avoided when possi¬ 
ble due to the difficulties with access, healing capability, and associated morbid¬ 
ity. If endoscopy or the expertise to remove the foreign body surgically is not 

available, the patient should he referred to an appropriate facility. 

Either flexible or rigid endoscopes can be used for retrieval of esophageal 
foreign bodies, flexible endoscopes provide better visualization and manipulative 

capabilities tor foreign body removal. Retrieval instruments passed through the 

operating channel of the flexible endoscope can he used to grasp the foreign 
body. Retrieval instruments for flexible endoscopes that have proven most useful 

are rat tooth forceps and polyp snares. 

Rones are usually difficult to dislodge once they have become embedded 
into the esophageal wall. In most cases, some degree v >t mucosal laceration acts 

as an anchoring site. The degree of laceration is usually directly related to length 
of time the bone has been Kxlged (Fig. 10-3). Rones must be separated from the 
esophageal wall before they can be retrieved. Air insufflation should he used in 

an effort to distend the walls of the esophagus away from the hone. A flexible 
retrieval instalment is then anchored to an available site on the foreign object 
and an attempt is made to retract the bone toward the tip of the endoscope. If 
the bone fails to move in response to this initial effort, other maneuvers can he 
attempted. In some cases, a firmly embedded object can be freed from the wall 

by first pushing it in aboral direction, and subsequently retrieving it in the oral 
direction. Objects may also be dislodged by gentle rotation. If flexible retrieval 

instruments are unable to grasp the object tightly enough to allow successful 
removal, larger instruments such as rigid colonic or mare uterine biopsy forceps 

can be passed alongside the endoscope to securely grasp the object (Fig. 10-4). 

Alternatively, a large-bore rigid endoscope can be used to retrieve the object. 
The rigid endoscope has the advantage of dilating the esophagus just cranial to 

the foreign body which may dislodge it from the esophageal w'all. Long colonic 
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is considered an emergency because the pnlability of compli 
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Figure 10-3 


(A) A bone foreign body lodged in the 


esophagus .it the thoracic inlet of a 


young dog The bone can be seen lacerat 


. The b >ne had 


been ingested about 36 hours earlier 


B) Marked damage to the esophageal 


wall is observed. The bone had pene 


trated into the deeper layers of the 


esophageal wall. 


of the damage, minimal stricture forma 


tion was observed. 


or uterine biopsy forceps can be passed through the rigid endoscope to grasp the 
foreign body. This method is most 

Fishhooks embedded in the proximal esophagus may he difficult to visualize 

and remove, l^ecause a hook in this location is bypassed by a forward-viewing 
endoscope as it is advanced through the upper esophageal sphincter. Fishhooks 
in this area may more easily be removed with a laryngoscope and alligator-type 

forceps. Fishhooks located further down the esophagus are easily visualized. Be¬ 
fore removal, the depth of esophageal wall penetration should be evaluated, and 

if a treble barb hook is involved, the number of embedded hooks should be 
determined. If the hook is free within the esophageal lumen, the point or curve 
(so the point is directed caudally) of the hook sh* uld be grasped to protect the 
esophagus on removal. When the hook is embedded in the esophageal wall but 
the point of the hook is protruding into the lumen, the point can be grasped 

and the entire hook pulled through and removed. It fishing line is attached, it 

can saw through the esophageal wall during this maneuver. For this reason this 
technique should only be performed if the hook is superficially embedded in the 

submucosa or mucosa to prevent a deep esophageal laceration or perforation. If 
the point of the hook is not visible but appears to be eml)edded only in the 
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Figure 10-4 

(A) A bone foreign body lodged in the esophagus of a dog just proximal to the 
esophageal hiatus. The bone was wedged in place by the spinous process (vertebral 


to 


the esophageal wall. (B) A uterine biopsy forceps was passed alongside the flexible 

endoscope and used to break away the tip of the spinous process. (C) With the tip of 
the spinous process removed, the bone was freed. It was then rotated to facilitate 

passage and removed. (D) The esophageal wall after removal. Minimal damage is 
noted. No additional therapy was needed. 


mucosa or suhmucosa« it can he gently pulled out. The superficial tear created 
will usually heal without complication. If the hook appears to have penetrated 

the esophageal wall, it can possibly be removed through a coordinated effort 

between the surgeon and endoscopist, with the surgeon cutting off the point 

and barb of the hook and the endoscopist removing the rem nder of the hook 
through the esophageal lumen. This technique avoids hav ing to make an incision 
into the esophagus. Endoscopic removal of fishhooks embedded near the heart 

base is discouraged because of the risk of laceration of a major vessel. In a recent 

study, endoscopic retrieval was successful in 66% of the animals. 10 The only 
factor found to associated with a successful outcome was the type of fishhook. 
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Gastrointestinal Endoscopy I Chapter 10 

Failure rates in animals with treble-hard hooks was significantly higher than 

failure rates in animals with single-barb hooks. 

Multiple extractions are generally necessary to remove hairballs because 
these objects tend to peel apart when grasped with retrieval forceps (Fig. 10-5). 
For this reason, removal may best be achieved using a rigid endoscope because 

the scope can remain in place while pieces of the hairball are withdrawn through 

its lumen. With a flexible endoscope, the endoscope must be withdrawn each 

time a piece is grasped and then reintroduced into the esophagus, making the 
procedure time consuming and laborious. In certain cases, it may be best to push 
the hairball into the stomach where it can be more easily manipulated with a 
lexible endoscope. Basket or polyp snare forceps can then be used to remove 
the hairball from the stomach. 

Regardless of the type of foreign body or endoscope used, manipulations of 

the foreign bixly should be performed with care to avoid further mucosal damage 
or esophageal perforation. Tightly wedged foreign bodies should never be forc¬ 
ibly removed because of risk of laceration of the esophageal wall or adjacent ves¬ 
sels. The patient should be monitored closely during removal. During the proce¬ 
dure, insufflated air may be forced around the object into the stomach, leading 

to gastric distention with resultant respiratory compromise. In addition, manip¬ 
ulation of the object can increase vagal tone resulting in bradyarrhythmias. 

Once an object is grasped it should be pulled to the end of the endoscope (Fig. 
10-6). Preferentially, pointed objects should be grasped and withdrawn with the 
pointed edge trailing. Alternatively, these objects can be removed with the aid 

of an overtube to prevent esophageal mucosal damage. T he object is then secured 

in position at the end of the endoscope by holding the pliable stem of the re¬ 
trieval forceps firmly against the control section with the middle finger as is exits 

the working channel port. With a flexible endoscope, air is insufflated during 

gentle, simultaneous withdrawal of the endoscope and object to dilate the esoph¬ 
agus and minimize esophageal mucosal damage. This maneuver is performed un¬ 
der visualization through the endoscope. The object should be gently teased 
through the upper esophageal sphincter. Excess force should never be exerted. 
If the object cannot be removed atraumatically in the oral direction, propulsion 
into the stomach should be considered. Here they may be digested (e.g ,, bones), 

bettei manipulated to an appropriate orientation for removal, or surgically re¬ 
moved. Objects that cannot be removed by forceful traction or propulsed into 

the stomach require surgical removal. 

Following removal of a foreign body or propulsion of a foreign object into 

the stomach, the esophageal mucosa should he visualized to assess the degree of 
esophageal damage and check for the presence of tears or perforations. Medical 
therapy depends on the degree of esophageal damage and is discussed more thor¬ 
oughly with caustic esophageal injury'. It a perforation is present, life-threatening 
tension pneumothorax may develop. Survey thoracic radiographs also may he valu¬ 
able in determining whether esophageal perforation has occurred. Perforation usu¬ 
ally results in the development of pneumomediastinum or pneumothorax. Ex¬ 
tremely small perforations caused by sharp objects (fishhooks, sewing needles) may 
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Figure 10-5 


(A) Lateral abdominal survey radio 


graph of a cat with hair ball foreign 


body. A soft-tissue density is noted 


extending cranially and caudally 


from the thoracic inlet. Ventral de 


pression of the trachea by the soft 


tissue density is also noted. (B) On 


endoscopic evaluation the proximal 


aspect of the hairball was found 


just inside the upper esophageal 


sphincter. Fragmentation of the hair 


ball necessita 


extrac 


tions (Q. For this reason 


a 


doscope was passed in place of a 


flexible endoscope, T its allowed the 


rigid endoscope to remain in place 


multiple fragments were 


while 


removed with an alligator-type 


forceps. 
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Figure 10-6 

Demonstration of the proper po 

sitioning of a foreign body 

against the end of the endo¬ 
scope for removal. 


be managed conservatively with intravenous fluids, broad-spectrum antibiotics, 
and gast rostomy tube feedings. Large perforations require .surgical intervention. 




Gastric foreign bodies are much more commonly encountered in dogs and 

cats than esophageal foreign bodies. Commonly ingested foreign bodies in dogs 

include bones, rocks, clothing, plastic and rubber toys, apricot or peach pits, 
fishhooks, and coins. 

encountered/*' 11 I Endoscopy is useful to confirm a suspected gastric foreign body, 
and more importantly, to remove these objects. 

The most common clinical sign associated with gastric foreign bodies is 
vomiting. If rhe object is small and freely movable, only intermittent vomiting 
may be observed. Inappetence, lethargy, and mild abdominal tenderness may 
also be noted. Tain and lever in combination suggest perforation. As opposed 
to esophageal foreign bodies, removal of gastric foreign bodies is less commonly 

considered an emergency procedure. Large, sharp, or linear objects should be 
removed promptly to avoid Gl perforation or obstruction. Alrhough sharp ob¬ 
jects such as sewing needles have the capability of passing through die Gl tract 
without incident, these objects also have the capability of perforating the intesti¬ 
nal wall and causing peritonitis. Thread attached to a ingested sewing needle, 

it ot significant length, also could lead to intestinal plication if the needle where 

to become impacted or impaled at the pylorus with the thread moving progres 

sively down the small intestine. Objects suspected of containing lead, zinc (e g 




* 


of these metals (e.g., seizures for lead, hemolytic anemia for zinc) or chemicals. 
Foreign 

in the pylorus) can result in life-threatening metabolic disturbances and should 

be removed immediately. Objects lodged in the pylorus also are 
with marked abdominal pain. If in doubt whether an object should be removed, 
remove the object. Endoscopic removal from the stomach is less invasive and 
has less potential for complications than surgical removal from the stomach or 
intestine. Pri 

should he corrected. In addition, radiographs may need to be repeated if a sig 


i_i 


ies that cause acute, severe vomiting (most notably objects lodged 




e 


» 


Copyrighted material 











Section II Standard Practices in Patient Care 


nificant period of time has elapsed between the initial radiographs and the induc¬ 
tion of anesthesia for endoscopy, because the foreign body may have exited the 

stomach and traversed a portion of the small intestine. 

Endoscopic removal of gastric foreign bodies is usually successful and should 

k aru-mpu-d k-tmv surgery. Removal of gastric foreign bodies is usuallv easier 

than esophageal foreign bodies because objects are more easily manipulated in 
the stomach. Rat-tooth forceps, alligator-jaw forceps, wire basket, ami |>olyp 
snare have been found to be most useful in the removal of gastric foreign bodies. 
If the foreign object is not visualized readily, the endoscope should be retroflexed 
to examine the fundus and cardia, which are in the most dependent position 
with the animal in left lateral recumbancy. I o remove the foreign body, it is 
grasped, pulled to the end of the endoscope and secured there. The endoscope, 
forceps, and foreign body are then removed as a unit. Foreign objects should he 
grasped so that rhe longest axis of the object is parallel to the endoscope. Sharp 

edges or points should be aligned so they are trailing (Fig. 10-7). Thick linear 
objects (e.g., socks) should be grasped at either end to minimize their thickness* 

Difficulty may he encountered when withdrawing the foreign body from the 

stomach through the GES. It is essential that the endoscopic forces being used 
has a strong grasp on the foreign body. Air should be insufflated to dilate rhe 
GES while the foreign body is gently teased through the sphincter. Once the 

foreign body is brought into the esophagus, air insufflation should he continued 
to reduce esophageal mucosal damage. Once the object is removed, the stomach 
and duodenum are thoroughly examined for the presence of additional foreign 

material and the gastric and esophageal mucosa are inspected for damage. Addi¬ 
tional treatment is rarely needed. If gastric mucosal injury is moderate to severe, 

administration of an 1 b-receptor antagonist (cimetidine [Tagamet] 5-10 mg/kg 
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Figure 10-7 

A needle foreign body is impaled into the gastric wall near the pylorus in a dog. The 

needle was pulled from the gastric wall by grasping the thread attached to the nee¬ 
dle. Note how the point of the needle is aligned so that it is trailing, preventing or 
minimizing trauma to the gastric or esophageal wall during removal. 
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IM, IV; ranitidine [Zantac] dogs: 2 mg/kg q 8 h PO, IV, cats: 


: 2.5 


q 6-12 I \\ 


t 


SQ, IM, IV) or proton pump inhibitor (o 
PO) is indicat 

the procedure. 

Removal of extremely large or awkward foreign objects endoscopically may 
nor be appropriate. The objects may lie difficult to correctly align for passage 
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can 
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in 


during removal (Fig. 10*8). Smooth objects 


to 


age 


enough to pull through the GES and upper esophageal sphincter. If large 

amounts of foreign material are encountered, surgical removal should be consid 

ered. The increased time taken tor removal may increase morbidity and ulti 
mately be more expensive than an explor atory laparotomy and gastrotomy. 

Esophageal damage caused by repeated removal and reintroduction of the endo- 

scope is also prevented. If endoscopy is used to remove multiple small pieces of 
foreign material, the procedure can be shortened by inserting an overtube into 

the stomach and removing the pieces through the tube with the endoscope. 

This all ws the endoscope to be rapidly returned to the stomach each time it 

in removed. In addition, the sphincters and esophageal mucosa sustain less 


12 


Figure 10-8 




in the stomach of dog. B) Removal of 


one of the plastic pieces using rat-tooth 


forceps. Note that the piece was aligned 


for removal in such a manner as to cause 


the least amount of damage to the vis 


cera during removal 


* 




the GES (stomach side, retroflex view) 


♦ 


small, linear lacerations of the mucosa 


The damage was minimal and required 


no additional therapy. 


Copyrighted material 














II I Standard Practices in Patient Care 


trauma when this method is used. Surgical intervention is also indicated when 

additional foreign material is suspected to be beyond the stomach. Surgical ex- 

ploration allows visualization of the entire G1 tract for damage or obstruction 

caused by foreign material. 

When a linear foreign body (e.g. , string, towel, hosiery) is encountered on 
entering the stomach, the endoscopist must be sure that the object is not entering 
the small bowel before attempting removal (Fig. 10^9). Pulling on a linear foreign 
body that has caused plication of the small bowel may result in severe damage 
to the bowel wall or perforation. If the object has entered the small bowel it 
can be grasped where it enters the pylorus and gently pulled a short distance. If 


Figure 10-9 

(A) A string foreign body is seen passing through the esophagus (note the submuco¬ 
sal vessels) In a cat. The string had been discovered on physical examination wrapped 
around the base of the tongue on physical txaminatlon. No plication of the bowel 
was noted on abdominal palpation or on survey radiographs (B). The string was fol¬ 
lowed and is shown passing through the pylorus into the small bowel. The endo¬ 
scope was next passed alongside the string into the small bowel where mucosal dam¬ 
age was noted (C). Further down the bowel the end of the string was located (D). 
This end was grasped using an old biopsy forceps and the entire length of the string 
removed. 
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the object comes easily, the object is released and regrasped at the pylorus and 

again pulled a short distance. The procedure is repeated until the entire linear 

foreign body is within the stomach. In some instances the endoscope can be 
passed beside the linear object through the pylorus and inro the small intestine. 
The object is then grasped as close to its aboral end as possible and pulled out 
of the small bowel into the stomach. One end of the linear foreign body is then 

grasped and the linear foreign body removed from the animal. If the linear foreign 
body cannot be easily removed from the small bowel, surgical intervention is 
required. The author has also used endoscopic scissors to cut a string foreign 
body anchored in the antrum anti passing into the small intestine. The string 
was cut at the pylorus and allowed to pass on its own. Endoscopic management 
of linear foreign bodies should only be attempted by the most experienced endos 
copists. Removal of known linear foreign 
on physical examination or abdominal radiographs should not be attempted. 

Foreign body ingestion can occur at or near the time of ingestion of food. 

filled stomach may obscure visualization of the foreign body and increase 
the risk of aspiration during general anesthesia (Fig. 10-10). Allowing the food 
to empty from the stomach, over an 8- to 12-hour fast, will facilitate the identifi 

cation and removal of the foreign body and reduce the risk of aspiration. How 
ever, fasting will increase the risk of the foreign body entering the small intestine 

and moving out of the reach of the endoscope. If food does obscure the foreign 

y, repositioning the animal may allow visualization of the object. In some 
cases, gastric lavage can be used to facilitate removal of food. 

Occasionally, foreign bodies can successfully be removed from the duode 
num endoscopically. However, if the object becomes impacted to any degree, it 

usually is difficult to move it in an aboral direction and an enterotomy is required. 
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Figure 10-10 

Food obscures a needle with string foreign body in a cat. Food makes visualization 

more difficult and prolongs procedure time. It also increases the potential for aspira 
tion. 
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1 he following discussions on caustic esophageal injury and acute GI bleed¬ 
ing are included for completeness. Although these problems are not commonly 

encountered in small animal practice, the ability to manage these problems is 
imperative for the emergency clinician. 
















Ingestion of caustic agents can result in significant esophageal and gastric dam¬ 
age. If the patient survives the acute effects, the reparative response can result 
in esophageal stenosis. Caustic esophageal injury can be produced by strong alka¬ 
line or acidic agents. Common alkalis include sodium and potassium hydroxides, 
which are found in cosmetics, soaps, washing detergents, button batteries, and 
drain and oven cleaners. Other common alkalis include sodium and calcium 


hypochlorite found in bleaches. Common acids include sulfuric and hydrochlo¬ 
ric, which are found in toilet bowel cleaners, antirust compounds, battery fluids, 

and swimming pool cleaners, I he degree of injury depends on the agent; its 

concentration, quantity, and physical state; and the length of exposure. 1 * Alka¬ 
line injury is usually more severe because of rapid tissue penetration by alkali. 

In addition, products containing alkalis are often tasteless and odorless and are 

swallowed before protective mechanisms can be invoked. 

Owners often observe animals ingesting caustic agents or suspect ingestion 

of such substances based on the observation of acute oral lesions, although esoph¬ 
ageal injury may be present even when examination of the mouth and pharynx 
is normal. History of possible ingestion of g button battery requires immediate 
evaluation. ( linical signs may include persistent salivation, dysphagia, and pain. 
Stridor may indicate epiglottal or laryngeal involvement. Batteries greater than 

15 mm can result in esophageal perforation within 6 hours. 1 * Severe esophageal 

injury may lead to the rapid development of tachypnea, dyspnea, and shock as 
the result of esophageal perforation and resultant mediastinitis. 

When caustic injuries are suspected, upper GI endoscopy is indicated to 

evaluate the extent of damage and to direct therapy (Fig. 10-11). Before endos- 

thoracic and possibly abdominal radiographs should be obtained. 


14 


copy survey 

(Evidence of esophageal perforation would indicate the need for surgical interven 


tion. 


Therapeutic goals are to prevent perforation and to avoid progressive fibrosis 
and stricture. The magnitude of the treatment depends on the degree of esopha¬ 
geal damage. Mild esophagitis necessitates only short-term withdrawal of food. 

With moderate to severe esophageal injury’, oral feeding should he withheld for 
5 to 10 days. In these cases, feeding may he accomplished through an endoscopi- 
cally placed gastrostomy tube. If the gastric mucosa is also damaged, jej unostomy 
tube or total parenteral nutrition would he the feeding methods of choice. 

Corticosteroid administration has been advocated to limit fibrous tissue pro¬ 
duction and prevent stricture formation in association with caustic induced 

esophageal injury. Anecdotal clinical reports suggest that the incidence of stric¬ 
ture formation can be reduced by corticosteroids in children. 16 In a prospective 

trial in children with caustic esophageal injury', corticosteroids did not prevent 
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Figure 10-11 

(A) Caustic chemical injury to the oral and lingual mucosa in a Boxer. (B) The de¬ 
nuded mucosa in the proximal esophagus (note tracheal indentation) as evidenced 

by the appearance of submucosal vessels. (C) Similar mucosal damage is present 
in the caudal esophagus. (D) Stricture formation as the result of the circumferential 
injury. 
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Strictures did develop in all of the children with circumferential 


strictures 
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acid, cephalosporins) appear to be indicated if corticosteroids are used because 
corticosteroids appear to decrease the incidence of local infections. Loc al in fee 
tions may increase the granulation response, with a resultant increase in tissue 
fibrosis and stricture formation. Prophylactic antibiotic therapy is otherwise not 
indicated in the treatment of esophagitis until specific indications develop 
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The use of an 11 ^receptor antagonist or proton pump inhibitor is also inJi 

cated to reduce gastric acid secretion during healing of the esophagus. Refluxed 
gastric acid will delay or prevent mucosal healing. Reflux of gastric acid can also 
be decreased by the administration of metoclopramide (0.2—0.4 mg/kg q 6-8 h 
1*0, SQ, IM or 1-2 mg/kg/d constant rate IV infusion). Opioids should be used 

to control esoplxageal pain or discomfort associated with esophagitis. For short 

term pain control buprenorphine (Ruprenex: 0.005 to 0.03 mg/kg IV, IM, SQ 

; 0.005-0.01 mg/kg IM, IV [cat]), burorphanol (Totbugesic: 0.2-1.0 mg/kg 

q3-6 h, IM, SQ, IV [dog]; 0.1-1.0 mg/kg q 12 h I IM, SQ, IV [cat]), or morphine 

(Informorph: 0.1-0.5 mg/kg q 4 h IM, SC [dog]; 0.1 mg/kg q 4-8 h IM, SQ, 

IV [cat]), l entanyl transdermal patches (Ouragesic: 5-10 kg, 25 mg/h, 1,0—20 

kg 50 mg/h, 20-30 kg 75 mg/h, >30 kg 100 mg/h) can he for long-term pain 

control. The oral administration of lidocaine gel also may be beneficial for ^ < >n 
trot of esopliageal pain. Cases with moderate to severe esophagitis should be 
reevaluated endoscopically in 5 to 7 days following the initial examination to 

evaluate esophageal repair. 


(dog] 














Patients with acute ( il hemorrhage should be assessed rapidly ro determine he 

modynamic status, activity of bleeding, and the underlying medical conditions 
that complicate management. Careful assessment of the vital signs (heart rate, 

respiratory rate, blood pressure, mucous membranes) are the best way to judge 
a patient's hemodynamic stability. The first priority in acute GI bleeding is the 

restoration of cardiovascular stability, after which identification of rhe source of 
hemorrhage and tailored therapy can be considered. 

If bleeding is active, immediate therapeutic intervention is required endo 

scopically or surgically. Vomitus containing frank blood or the passage of large 
fresh clots rectally are obvious indicators of active bleeding (Fig. 10-12). The 
passage of a nasogastric or orogastric tul^c to obtain an aspirate of gastric contents 
or perform g;istric lavage may be helpful in determining if the patient is actively 

bleeding in the upper Gl tract. 

GI bleeding in small animals most often results from mucosal ulceration. 

Ulcers can occur in any region of the GI tract, but are most commonly found 


Figure 10-12 

I Severe hematemesis in a dog 

with gastric ulcers. The ulcers re 

suited from administration of ibu 
prophen. The dog died despite 
immediate resuscitative efforts. 
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Drugs 

Nonsteroidal anti-inflammatory drugs 

Corticosteroids 

Metabolic and endocrine disorders 
Liver disease 
Renal disease 
Pancreatitis 

Hypoadrenocorticism 

(SI neoplasia 

Adenocarcinoma 
Leiomyosarcoma 
Lymphosarcoma 
Mastocytosis 
Gastrinoma 

Stress (ischemia) 

Shock 
Sepsis 
Trauma 
Major surgery 

Neurologic disease 

Head trauma 

Intervertebral disk disease 
Inflammatory bowel disease 






Conditions associated with hyperacidity 


in the stomach or proximal duodenum. A varier of drugs and clinical conditions 

have been associated with gastric or duodenal ulceration (Table 10-1). The ma¬ 
jority of these factors cause ulcer formation by damaging mucosal defense mecha¬ 
nisms. Nonsteroidal anti-inflammatory drugs appear to be the most common 

cause of G1 ulcers in small animals, with liver disease being the most common 
metabolic disease resulting in GI ulceration. 16 Mastocytosis and gastrinoma ap¬ 
pear to be the only conditions in which hyperaciditiy is considered to be the 

primary underlying mechanism for GI ulcer formation. Lower Gl bleeding is 

most often associated with neoplasia. 

Endoscopy is indicated when acute, severe upper or lower Gl bleeding is 
suspected (Fig. 10-13)* Depending on the circumstances, endoscopy provides 

information regarding the source of hemorrhage, allows the clinician to assess 

the likelihood of rebleeding, and can he used as a therapeutic modality. It is 

both sensitive and relatively safe. Endoscopy should be performed as soon as 

the patient appears hemodynamically stable. For upper GI bleeding, systemic 

evaluation of the esophagus, stomach, and duodenum is essential to avoid miss¬ 
ing small lesions. Care should be taken to avoid overdistending the stomach 

with air during insufflation and when inserting the endoscope into the duodenum 

because perforation may result if an ulcer is present. Careful examination of the 
proximal duodenum should occur as the endoscope is removed to avoid missing 

lesions in this area. lesions can easily be missed on insertion of the endoscope 
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Figure 10-13 


Ulceration (A) and severe ulcerative gastri 


tis (B and O in a dog on aspirin (25 mg/kg 


q 8 h) for degenerative joint disease. De 


spite a history of hematemesis (fresh 


blood) and melena no active bleeding was 


noted. The dog responded to crystalloid 


fluid therapy and gastric acid inhibition. 


through the pylorus and into the duodenum. Direct colonoscopic examination 
is the procedure of choice for evaluation of lower G1 tract bleeding. 

Brush cytology and biopsies shouM be performed on all ulcers because neo- 
plasia is often associated with gastric ulceration (Fig. 10-14). Samples should be 

taken only from the rim of the ulcer. Samples taken from the center of the ulcer 
may result in perforation because the gastric wall is thinnest in this area. Multiple 
biopsies should be obtained to confidently rule out neoplasia. If the GI wall is 
noticeably thickened around the ulcer, multiple samples may be taken from the 

same site to obtain deeper tissue. Biopsies of the superficial aspects of tumors 
often contain only inflammatory cells and may lead to misdiagnosis. 

Severe Gl hemorrhage in most cases can be controlled with aggressive fluid 
and r ran-fusion therapy, together with treatment directed at the underlying 
cause. Severe bleeding from Gl ulcers may he controlled by endoscopically ad¬ 
ministered hemostatic therapy. Effective hemostasis can be achieved injecting 

1:10,000 epinephrine or 98% alcohol (limit 1 mL) through a endoscopic sclerot- 

omy needle mto the base of an ulcer. When bleeding fails to respond to these 

treatments, surgical intervention is required. 
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Figure 10-14 

Ulceration secondary to gastric 

adenocarcinoma in an older 
dog. Note the proliferation of 
tissue surrounding the ulcer. 
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ri oracoscopy Ls as a minimally invasive operative endoscopic procedure de¬ 
signed for visual inspection and surgery in the thoracic cavity. Thoracoscopy is 

used extensively in human medicine and has seen increased use in veterinary 

medicine over the last 10 years. Today with efforts to explore and expand mini¬ 
mally invasive surgical techniques* thoracoscopy has evolved into a mainstream 
diagnostic and surgical tool in most human hospitals. The basic techniques and 
skills required for thoracoscopy are simple and similar to those of placing a tho¬ 
racic drain. The ability to easily place a small, highly maneuverable, rigid tele¬ 
scope into die pleural space and provide a magnified view of the thoracic cavity 
and its organs provides an excellent window for visualization of structure, func¬ 
tion, and pathology in the critical patient. New techniques for thoracoscopic 

surgery appear in the human literature daily. The application of these techniques 

is limited only by the size of the patient and the skill and imagination of the 
clinician involved. 
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The use of minimally invasive technologies is becoming common in intensive 

and critical care. The primary indication in the veterinary patient is evaluation 

and visual inspection of the thoracic cavity when standard operative pro- 

cedures are not indicated or desired. Thoracoscopy is far less invasive than a 
open thoracotomy and may be a useful tool for critical patients that are not 

capable of enduring the rigors of an open surgical procedure and postop¬ 
erative care. The use of thoracoscopy in veterinary medicine has developed as 

a powerful tool for staging neoplastic disease, preoperative evaluation of lesion’s 
resectibility, direct visualization of pathologic conditions, visually directed 
biopsy, evaluation and treatment of spontaneous and insistent traumatic 
pneumothorax, treatment of pericardial and pleural effusion, and evaluation 
and repair of intrathoracic trauma. The small si 2 e of the new telescopes 

and the ability to introduce them into regions difficult to access with standard 
techniques provide a view beyond what is possible t: rough direct visualiza¬ 
tion. 
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Thoracoscopy requires development of a working space to insert and ma- 

neuver the telescope and instruments; an obliterated pleural space is therefore, 
an absolute contraindication (i.e., after pleurodestsi. Certain conditions, such 
as clotted hemothorax and stiff noncompliant lungs, can make thoracoscopy 

difficult to perform, and should he approached with more invasive procedures. 
Pleural adhesions, hypoxemia, severe cardiac instability, and coagulopathies are 
relative cont raindicai ions. Every thoracic diagnostic or surgery case is not a can- 
didate tor thoracoscopy. Limitations in three-dimensional orientation 
hemorrhage control, and a lack of tactile discrimination have been the early 

drawbacks to its use in critical patients. 


ease of 




The instrumentation is basically the same as that needed for laparoscopy; 
one basic instrument set can be purchased for examination of both major body 
cavities with minimal adjustment required by the operator. The basic equipment 

for performing thoracoscopy includes a surgical telescope, t rocar-cannula units, 

light source, a 


set of endoscopic manipulation and surgical instruments, 

and a standard surgery pack. Table 11-1 provides a basic starting set of instru¬ 
ments. The use of a small surgical video camera attached to the telescope and 
video monitor makes the procedure much easier to perform and enables the 

operator and assistants to view a simultaneous, enlarged and clear image. Adapt¬ 
ers to fit most standard electrocautery units are readily available. Generally bipo¬ 
lar units arc recommended. Most of the major clectrocautcry manufacturers make 

units designed exclusively for endoscopic utilization. 


Before the first trocars are placed into the thorax, the patient should he 

draped for a standard thoracotomy. The scope should be immersed in warm ster¬ 
ile water prior to the procedure to limit fogging. Sterile antifogging solutions 

(FRED) are 

The light cable should be attached to the telescope and the surgical video camera 

should he placed in a sterile camera bag with the assistance of an operating 

room technician. The video camera should be color balanced according to the 
manufacturer’s instructions. The assembly is now ready for insertion when the 
telescope and operative ports are placed. 


o 














Continuing education courses are available at several locations worldwide for 

basic and advanced thoracoscopic techniques. At a minimum, a basic course in 
rigid endoscopy is recommended before attempting thoracoscopy for the first 
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Hopkins telescope 0 or 30° 

Fiberoptic light cable 
Xenon light source 

Operative and camera trocar-cannula sets (3) minimum 
Palpation probe 

insulated endoscopic graspers 

Insulated endoscopic grasping forceps (Kelly) 

Insulated endoscopic scissors 

Insulated endoscopic biopsy forceps (double spoon grasping or cutting) 

Surgical suction 

Bask standard surgery pack with thoracotomy pack available 
Surgical towels and drapes 
Thoracic drain 

Suture material 
Gauze 

Heimlich valve 

Additional Items 

Surgery video camera 
Video control unit 

Video monitor 
Video printer 

Camera and light cable sterile cover 

Underwater seal drainage system 
Portable endoscopy cart 




! 
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All o; above plus: 
Suction-irrigation unit 

Electrocautery (bipolar) 

Endoscopic forceps (DeBakey) 

Endoscopic forceps (right angle) 
Endoscopic lung retractors 
Endoscopic linear stapler 
Endoscopic cherry dissector 
Endoscopic Kittner dissector 
Endoscopic grasping forceps 
Endoscopic clip applier 

Endo-loop(s) and introducer 
Flexible thoracic trocars 

Specimen retrieval bag 


From Walton R$: Video-assisted thoracoscopy. Vet Ctin North Am Sm Antm , 51:729, 2001, Used with 

permission. 


time. Learning simple techniques can end hours of frustration. Training and 

practice of the operative team are essential. The camera operator, surgeon, assis- 

tant, and anesthetist must all be synchronized to operate as an effective team. 
A sound Knowledge of anatomy, appropriate preoperative staging, and a comfort¬ 
able working knowledge of the equipment are prerequisites before you begin to 

work wit i] diagnostic/surgical thoracoscopy in any patient. 
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Risk limitation with th< )racoscopy is t ie key to success and complete patient 

evaluation including biochemical screen, clotting profile, thoracic radiographs, 
and ultrasound examination within 24 hours of the procedure will limit costly 

mistakes. Preoperative staging is essential to avoid the serious complications of 
thoracoscopy, which include penetrating the lung with the trocar, entering the 

wrong side or location, penetrating viscera of a large diaphragmatic henna, or 
entering a clotted hemothorax. 




Various techniques are used from heavy sedation, general inhalant anesthet¬ 
ics, total intravenous anesthesia, to selective lung ventilation techniques. Anes¬ 
thetic agent selection and technique are based on the condition and systemic 
derangement present in the patient. General anesthesia is usually recommended. 
Administration of supplemental high fractional inspired oxygen concentrations 
(FiOj) will compensate for the ventilation-perfusion mismatching, which occurs 
during a partial pneumothorax. Patient monitoring should include as a minimum 

pulse oximetry, capnography, blood pressure measurement (direct or indirect), 

and an electrocardiogram. 
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All thoracoscopic procedures and proper examination of the thoracic cavity 
require creation of a working space by induction of a pneumothorax. Without 
ibis working space, the telescope and instruments cannot be adequately maneu¬ 
vered and visualization of structures would be negligible. Techniques to establish 
this working space include controlled partial pneumothorax, selective lung ven¬ 
tilation, and intrathoracic insufflation. 




Normal animals tolerate moderate pneumothorax with little systemic com¬ 
promise. During induction of routine partial pneumothorax, the lungs readily 
collapse in most patients to provide an adequate working space for rapid diagnos- 

tic evaluation. 
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One-lung ventilation (OLV) is performed in many human and veterinary 
surgical procedures to increase intrathoracic visibility. The technique involves 
selective bronchial intubation or the use of a bronchial blocker allowing the 

nonventilated lung to collapse. Collapsing one of the lungs markedly improves 
the working space and improves access to the pulmonary hilus and heart base. 

If lung is the tissue to he evaluated or resected, collapse of the operative lung 
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simplifies biopsy sampling, lesion location, and partial or full lobectomy. Normal 

dogs show increased PaCO* and shunt fraction and a mild decrease in PaC >2 with 

OLV techniques. These effects were considered transient or easily overcome by 
adjustments in mechanical ventilation. Extensive monitoring is an absolute re- 
quirement for these techniques in clinical patients. 
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Thoracic insufflation is also technique used to collapse the lungs and inn 
prove intrathoracic working space. Low-pressure intrathoracic insufflation with 
carbon dioxide is used to facilitate collapse of the lungs. Normal dogs tolerate 
this procedure without significant cardiovascular or pulmonary compromise using 

intrathoracic insufflation of 5 mm Hg nr less. Overinflation of the thoracic cavir 

sets up the physiology of a tension pneumothorax and could have disastrous 

consequences. Patients that lack pulmonary compliance and require pleural in¬ 
sufflation to establish a working space, may be better candidates for open thora¬ 
cotomy rather than thoracoscopy. 






As with any new technique speed and accuracy come with experience. The 

view obtained with thoracoscopy, however, is often superior to that obtained 
with open thoracotomy because any structure within the thorax can be imaged 
with a magnified well-illuminated view. 
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Thoracoscopy is generally a very safe and easily performed procedure, but you 

must have a backup plan and ability to perform an emergency thoracotomy. I icon- 
trollable hemorrhage is the most common indication for emergency thoracotomy. 
Inadvertent large vessel laceration or dislodging a large clot can obstruct the work- 

wtth blood and control may be difficult in die clost' confines of the thoracic 
cavity. If you do not have the ability or resources to perfom a rapid thoracotomy, 

thoracoscopy should not be attempted, especially in a trauma patient. 
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Two basic approaches to the thorax are routinely used, the paraxiphoid- 
transdiaphragmatic (PX) and intercostal (IC). The selection of approach is based 

on the anatomic feature you wi>h to access, ‘able 11-2 lists the major anatomic 

features accessible via thoracoscopy and the recommended approach. A thora- 
coscopic examination requires the placement of telescope a id a minimum of 

one instrument portal through the thoracic wall or diaphragm to view the tho¬ 
racic cavity and introduce instruments to manipulate tissues. Figure 11-1 outlines 
the basic portal placement locations. 

The PX (see Figure 11-1 A) approach is easiest for the beginning thoraco- 
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Thoracoscopic Localization by 


Anatomic 


Intercostal 


Anatomic 












Diaphragm 

Individual lung lobes 

Ventral aspect 
Dorsal aspect 


+/ 




+/ 


-f 


+ / 






+/ 


Both 


+/ 


+/ 


Intrathoracic tra¬ 
chea and bronchi 

Thoracic wall 

Intercostal regions 

Thoracic duct 


+/ 


+ 


+ 


+/ 


Sternum 


+ 


+ / 


Heart 


+ 


Pericardium 


+ 


+ 


+/ 


Base 


+/ 


Apex 


+ 


Basic structure locator and best approach to visualization. A good approach allowing excellent visual¬ 
ization is indicated by ( + ) and a less than ideal or unsatisfactory approach indicated by a (->. An 
approach that is difficult or requires extensive scope maneuver or tissue traction is indicated by a 

<+/-). 

Adapted from Walton RS: Video-assisted thoracoscopy. Vet Clin North Am 5m Anim, 51:729, 2001. 
Used with permission. 


scopist to master. The telescope portal is placed through the diaphragm with 
the patient in dorsal recumbency. This position allows an excellent evaluation 
of the ventral aspects of both hermhoraces. On penetration of the pars stemahs 

of the diaphragm, the thorax is examined by advancing the scope cranially. A 
number of structures may be visualized using this approach; only the length of 
the scope limits exploration of cranial thoracic structures. For example, the ven¬ 
tral aspects of each lung lobe, ventral aspect of the pulmonary hilus, costal dia¬ 
phragmatic reflection, sternal diaphragmatic recesses, ventral aspect of the tho¬ 
racic inlet, and entire subphrenic pericardium can be viewed from this position. 
Additional portals can also be placed in the intercostal spaces (see Figure 11-1 

R,C) and a palpation probe can be inserted to gently retract and manipulate the 

lung lobes. This technique allows direction of the scope between the lobar fis¬ 
sures, thereby allowing excellent visualization of the visceral pleural surface as 

well as pulmonary vessels. By insertion of a forceps and scissors, the pericardium 
can be easily grasped and incised from this position. The dorsal aspects of the 
lungs and vessels, however, cannot be easily visualized from this position. 

The IC (see Fig. 1MB,C; approach is the most common approach de¬ 
scribed in the literature. The patient can he positioned in right and left lateral, 

dorsal recumbency, or in an oblique fashion depending on the structure(s) to 
he evaluated. Figure 11-1 serves only as a guide to routine placement of the 
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Figure 11-1 

Canine thorax (dorsal recumbent) depicting various camera and instrument portal in 

section sites. (A) Paraxiphoid, (B) caudal intercostal, (Q cranial intercostal. Adapted 

from Walton RS: Video-assisted thoracoscopy. Vet Clin North Am Sm Anim , 51:729, 
2001. 


instrument and telescope portals. Portal placement is based primarily on lesion 
location and ability to access the lesion or anatomic feature in question. With 

placement of an additional instrument trocar, a palpation probe will allow move' 

ment of adjacent lung lobes and visualization of peribronchial tissues, pulmonary 

arteries and veins, hilar lymph nodes, and all aspects of the pleural surface of 
the diaphragm. 
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A complete rapid assessment of the thoracic cavity should be performed 
each time you perform a thoracoscopic examination. Severe pathology can mes- 
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mcrize the novice thoracoscopist and additional lesions may be missed. A mini- 
mum of one instrument portal in addition to the primary telescope port for inser¬ 
tion of a palpation probes that permit visceral manipulation and examination. 

Placing the portals too close to a lesion or operative field severely limits the 
action of the instrument. Placing them to distant will make operation difficult 

at the extremes of the instrument length. The telescope and instruments should 
always be directed toward the video monitor. If the telescope is pointed toward 

the monitor and the instruments away, a condition of paradoxical movement 
occurs, giving the operator a visual image that appears to move opposite to the 

direction intended, instruments may be brought into the field of view and easily 
oriented by inserting the portals in a triangular pattern. Instrument portals 

should be placed to create angles of 30° to 60° relative to the telescope and to 
each other ro limit interference. I eveloping a routine sequence of examination 
will prevent missing significant pathologic findings. 
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Obtaining a biopsy specimen of a variety of pathologic conditions is one 

of the most common procedures conducted during thoracoscopy. Biopsy instru¬ 
ments come in numerous types from grasping/crushing/cutting types to needle 
instruments such as the Tru-cur biopsy instrument. Larger specimens obtained 

with cup-type instruments provide the pathologist with a more representative 
sample. When taking a biopsy sample, never close the jaws of the instrument 
unless all the margins of the biopsy site are clearly visible. Small lesions can be 

biopsied with a standard grasping biopsy instrument or a Tru-cut type instrument 
and can visually be directed to the lesion. Larger specimens can be obtained 
with an endoscopic ligature or a wedge section of tissue can be removed with a 

linear stapling device. 
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Effective hemostasis is critically important to a successful thoracoscopic ex¬ 
amination. Uncontrolled hemorrhage can rapidly deteriorate the operators' vi¬ 
sual field reducing operative accuracy and efficiency. Temporary hemostasis can 

be achieved by application of gentle pressure at the point of hemorrhage with 
a palpation probe or other blunt instrument. Vessels can be easily grasped with 
endoscopic forceps and a ligature or electrocautery used to provide definitive 
hemostasis. A small intercostal incision can be used to rapidly introduce almost 

an ; instrument required to clamp a vessel as needed. Most mild to moderate 

hemorrhages are not problematic and will resolve with conservative management 

and the use of a thoracic drain. 
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Thoracoscopic partial pericardectomy is now routinely performed in many 
veterinary clinics worldwide. The techniques range from subtotal pericardecto¬ 
mies to creation of a small pericardial window. The entire pericardium below 


Copyrighted material 



Thoracoscopy | 

die phrenic nerve can be accessed easily via the PX approach. The telesco * is 

placed in the PX position (see Fig. 11-1) with the animal in dorsal recumbency. 
Instrument portals are then placed intercostally under direct visualization. The 

pericardium can be easily grasped, drained and incised via this technique. Typi¬ 
cally the majority of t w pericardial fluid is removed prior to surgety. Excessive 

pericardial fluid limits cardiac function to the extent anesthesia becomes a tre¬ 
mendous risk. Diseased pericardial tissue tends to be markedly thicker and more 
vascular than normal. Electrocautery and suction must be available with this 
proc dure to control hemorrhage and clear the visual field. The phrenic nerves 

are prominent landmarks on the pericardial surface and must be spared. After 
grasping the pericardial tissue, it is easily incised and removed. 
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\nimals with chronic pleural effusion and recurrent spontaneous pneumo¬ 
thorax can often benefit from the technique of pleurodesis. This procedure can 
be performed by manual abrasion of the pleural surface with devices such as an 

endoscopic cherry dissector or gauze sponge or with instillation of a pleurodesis 
agent (i.e., sterile talc or tetracycline). This procedure can be accomplished 
either from the PX or IC approach. The PX approach has the advantage of 

providing access to >oth hemithoraces without repositioning the patient. Opera¬ 
tive ports can be placed in the right and left fourth or fifth intercostal spaces 

most of the parietal pleural surface can be easily accessed.. 
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Re-establishment of thoracic integrit and providing an airtight seal is essential 

at the conclusion of the procedure, This is accomplished by correction of the 
pneumothorax, withdrawal of the instrument portals, and primary repair of the 

chest wad and skin defect. 1 hese incisions are usually very small 1 ' 12 mm) and 
are easily repaired with interrupted sutures. A two-layer closure is usually ade¬ 
quate. Visual evaluation of the efficacy of thoracic evacuation is performed by 

application of standard suction to the stopcock valve on the telescope portal 
cannula with the telescope in place. When a simple diagnostic procedure alone 

is performed, a thoracic drain is often not required in the postoperative period. 

A thoracic drain should be placed, after completion of each procedure in which 

lung tissue is removed or significant effusion or hemorrhage is expected. Visual 

evaluation and placement of the thoracic drain is possible prior to removal of 
the telescope portal. The drain can be placed by passing it through an instrument 

cannula and pulling the cannula over the end of the drain or a drain may be 

placed through a new intercostal entry in standard fashion. The patient must 

be closely evaluated in the early postoperative period to ensure that the thoracic 

cavity is properly evacuated. Intermittent or continuous suction of the drain 
should be used during the recovery period until the lungs are fully expanded. A 
postoperative thoracic radio^Taph should be used to confirm the resolution of 
pneumothorax. In many patients, the thoracic drain can be removed in the earh 
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recovery period; however, the length of time the thoracic drain is maintained 

depends on the individual pathologic process. 




The overall complication rate with thoracoscopy is small when appropriate pro¬ 
cedure planning and patient evaluation are conducted before the procedure. The 

most common complications that arise during thoracoscopy are severe hemor¬ 
rhage, puncture or tearing of the pulmonary parenchyma, laceration of a vessel 
or nerve during biopsy. Damage to the phrenic nerve is particularly easy during 
pericardectomy or pericardial window formation and can markedly affect dia¬ 
phragm function. Removal of biopsy specimens directly through small incisions 
holes in the thoracic wall or cannulas may cause malignant or infected material 
to contaminate the pleural or abdominal space. Seeding the thoracic wall with 
infected or neoplastic tissue has been reported in humans as a common complica¬ 
tion. Mild to moderate and persistent pneumothorax is also a reported postoper¬ 
ative complication. If they occur, small air leaks typically are at the site of a 
biopsy. Close evaluation of the biopsy site betore completion of the procedure 
will often reveal a problem area, allowing rapid resolution. Most air leaks oc¬ 
curring in the postoperative period resolve with continuous underwater seal tho¬ 
racic suction applied for 12 to 24 hours. 




Cantwell SL, Duke T, Walsh PJ, et al.: One-lung versus two lung ventilation in the 

closed-chest anesthetized dog: a comparison of cardiopulmonary parameters. Vet Sur^ 

29:365, 2000. 
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Diseases of the respiratory system are commonly diagnosed in clinical veterinary 

medicine. Clinical management of patients with respiratory disease is based on 

a working knowledge of respiratory and cardiovascular physiology, complete and 

accurate physical examination, appropriate diagnostic tests, intensive monitor¬ 
ing, and supportive therapy. Support procedures in management of these patients 

include oxygen (0 2 ) administration, procedures to improve and optimize respira¬ 
tory function, and provision of artificial airway support in selected cases. 
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One of the key goals in patient management is to support 0 2 delivery. The 
process of tissue 0 2 delivery may be divided into three stages: (1) external respira¬ 
tion, (2) blood transport, and (3) internal respiration. External respiration is the 
process of transferring atmospheric 0> to the blood. This process depends on 
many factors including airway patency, adequate alveolar O 2 tension, and alveo¬ 
lar gas exchange. The goals for successful external respiration include delivery 
of physiologic 0 2 levels to the alveolus, maintenance of normal alveolar ventila¬ 
tion, and control of normal protective reflexes. These parameters should be 
maintained within normal limits for efficient 0 2 transport and delivery. 

Hypoxemia is defined as an arterial 0 2 tension less than 80 mm Hg. Clinical 

signs of hypoxemia may include tachypnea, tachycardia, dyspnea, cyanosis, po¬ 
sitional discomfort, and restlessness. Hypoxemia caused by intrapulmonary 

shunting is common in pulmonary disease; the degree of hypoxemia is determined 

by evaluating hemoglobin saturation of arterial blood. Physiologic responses to 

hypoxemia include increased cardiac output, a decrease in 0 2 consumption at 
the tissue level, and local modification of regional pulmonary perfusion to de¬ 
crease intrapulmonary shunting. Hypoxemia caused by decreased alveolar 0 2 
tension (V/Q mismatch, which causes regional decrease in alveolar 0 2 tensions) 

is generally 0 2 responsive. Ahsolute intrapulmonary shunring is not 0 2 respon¬ 
sive. 


In emergent patients, several emergency O 2 delivery procedures have been 

described. Placement of a high-flow O 2 tube in front of the nares provides immedi¬ 
ate “flow-by” O 2 support. An O? enclosure may be created from a plastic garbage 
bag into w uch a high-flow 0 2 line is introduced. A homemade 0 : enclosure can 
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be fashioned from a garbage bag and Elizabettan collar. The plastic bag is secured 
at the edge of the collar using duct tape or other package sealing tape. The O 2 
tubing is placed in the vicinity of the muzzle. A vent is created by a large opening 
in the top of the “tent” to provide release of pressure and carbon dioxide (C0 2 ). 

In small dogs and cats, a pediatric 0 2 hood can be used for support. This hood is 
commercially available as a cuboidal frame covered with polyvinyl plastic. One 

side of the cube has a flap that seals around the patient. A top vent hole is present 
to release pressure and permit venting of C0 2 , The patient’s head or body can be 

enclosed in the cube and 0 2 introduced. For small dogs and cats, an anesthetic 
induction chamber may be used for an emergency 0 2 cage. Long-term use may 

produce heat retention that may require supplemental ccxfling methods. 

Oxygen masks can be commercially purchased or made from homemade ma¬ 
terials. A tight fitting seal around the muzzle allows for optimal delivery of 0 2 . 
The rubber diaphragm provided on some designs may be substituted with soft, 
flexible bandaging material such as Vetwrap (3M C >rp) for better mask acceptance 
and tolerance. Mask acceptance is better if vision is not blocked. Homemade 0 2 
masks can be fashioned from syringe cases, plastic drinking glasses, or disposable 
plastic soft drink bottles to provide a variety of sizes. These masks can be adapted 
with a tie string to encircle the lead and maintain mask position. 

Nasal cannulae may be used to provide supplemental, low concentration 
Oi delivery. Human nasal cannulae (“prongs”) are tolerated in quiet dogs and 

cats and can provide acceptable 0 2 delivery. They are secured with single sutures 
over the zygomatic arch area of both sides of the head. 

Administration of 0 2 via nasal catheter is a common procedure in critically 

ill patients (Fig. 12-1). Nasal catheters are constructed from 5 or S Fr red rubber 

feeding catheters, polyvinyl nasal feeding tubes, or modified human nasal cathe¬ 
ters (prongs). The catheter is premeasured from the nasal orifice to the medial 
canthus of the eye; this length is marked with a felt-tipped pen. After the head 
is tilted up, 1 to 3 drops of a rapid-acting local anesthetic agent (0.5% propara- 

caine or 2% lidocaine) are instilled in the nostril to desensitize the nasal cavity. 

The nasal catheter is liberally lubricated with 2% lidocaine lubricant. The dorsal 

aspect of the nose is pressed upward and backward to facilitate placement. The 
catheter is inserted downward and medial to pass through the ventral meatus. 
Once placed to the premarked depth, the catheter is gently looped around the 
alar cartilage. A single nylon suture or drop or “super glue” on crossed hair tufts 
is used to anchor the catheter. The glue can be removed with nail polish remover 

or special glue remover. Several additional sites are used to secure the catheter 

along the center line of the maxilla and over the dorsum of the head. Following 
placement, the catheter is attached to an O; line that has passed th ough a 

humidifier. C) flow rate is provided at 100 cc/kg. A maximum of 4 l/min can 

lie administered through a single nasal catheter. 

Oxygen cages are valuable in critically emergent dogs and cats. This approach 
for 0 2 administration is preferred in these cases because it reduces patient stress. 

In addition, environmental factors such as humidity and temperature may be con¬ 
trolled. 0 2 cages have the added advantage of being able to regulate the delivered 

Q 2 concentration. Usual settings for an 0 2 cage are 30% to 40% oxygen, 70° to 
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Figure 12-1 

Nasal oxygen tube placement. 


75°F, and 40% to 50% humidity In emergency situations, 


sure may he fashioned from plastic bag enclosures, or an Elizabethan collar and 

plastic front shield as previously described. Plastic shrouding of a transport crate 
will provide sufficient 0 2 in extremely fractious but stressed patients. These are 
tenijxiraiy solutions until a long-term delivery Technique is identified. 

Transtracheal Oj delivery may be used in cases with facial and upper airway 
iniury in which use of a nasal Oj catheter is contraindicated (Fig. 12-2). The 
transtracheal catheter is made from a flexible intravenous (IV) catherer with 








Figure 12-2 

Transtracheal O, catheter place 

ment. 
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several skie holes cut near the tip. A “through-ihe-needle" or “over-the-needle" 

style catheter may be used for 0 2 delivery* Generally a 14'gauge X Scinch cathe¬ 
ter is used. Location for tracheal placement is based on individual anatomy. The 
catheter may be passed through the cricothyroid membrane or moved to the 

thir I to fifth inter-ring site as is used for transtracheal wash. The side holes 

created in the catheter prevent the C) 2 from producing a pressure “jet" lesion of 

the tracheal epithelium. An 0 2 flow of 1 to 2 L/min can be used to deliver about 
30% to 40% 0 2 concentration. The 0 2 should he humidified if possible. 

Although 0 2 is therapeutic, one must be aware of Oj toxicity. 0 2 in exces¬ 
sive amounts over a period of time leads to additional alveolar injury, decreased 
pulmonary function, and eventual death. There is wide species and individual 

variation in the susceptibility to 0 2 toxicity. In general, small animaU should 
not receive 100% 0 2 for longer than 12 to 24 hours. O 2 concentration should be 
below 50% when therapy is used for extended time periods. The animal should 

be frequently re-evaluated to determine if 0 2 therapy is still indicated. Arterial 

bUxxJ gas analysis is the best method to determine response to 0 2 therapy. 


















Indications for an artificial airway are to support airway patency, protect the 

upper airway, facilitate tracheal suctioning, and provide artificial ventilation. 
Tracheostomy and the endotracheal tubes are the two methods of providing 

artificial airway support. Although endotracheal tubes are often used in humans, 

tracheostonn tubes ire more praetie.il for long term use in veterinary patients. 

Orally placed endotracheal tubes are easily damaged by chewing. They can cause 

irritation in the oral pharynx and induce laryngeal complications. It must be 
recognized that patients with an artificial airway require 24-hour monitoring and 
meticulous nursing care. 

Bypassing the upper airway eliminates the normal means of warming, hu¬ 
midifying, and filtering the air that is taken into the lungs. In canine patients, 
it is also important to remember that the respiratory tract is a normal means 
of heat loss contributing to thermoregulation. Ideally, inspired air should be 
warmed and humidified to prevent the drying of secretions. This can be accom¬ 
plished with the use of gas humidification and nebulizer treatments. If humidifi¬ 
cation or nebulization is not available, sterile saline should be instilled into the 
tracheostomy or endotracheal tube periodically to help moisten and loosen secre¬ 
tions. It is important to monitor patient hydration status to help prevent the 
further drying our of pulmonary secretions. Chest physiotherapy and exercise 
can also prevent the pooling of secretions in the lower airways. 


Various endotracheal tube and tracheostomy tube designs are available in 
human medicine. These tubes have been adapted for use in veterinary medicine. 
Recently, companies have designed tracheostomy rubes specifically for veterinary 

use due to the differences between human and animal anatomy. 

Endotracheal tubes using soft pliable material that conforms to patient anat- 
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omy are preferred. Tracheostomy tubes should have an inner cannula that can 
be removed for easy cleaning. Endotracheal tubes and tracheostomy tubes can 
be cuffed or cuffless. For positive pressure ventilation, a cuffed tube will be re¬ 
quired. The cuff should be a high-volume-low-pressure ryjx 4 to help prevent 
ischemia and necrosis of the trachea wall. 

Tracheostomy tubes require surgical placement, i he patient is placed under 

general anesthesia and positioned in dorsal recumbancy with a rolled towel 
placed under the cervical region anil front limbs caually extended. Following 
surgical preparation, a midline incision is performed from the first to the eighth 
tracheal ring. Separation of connective tissue and stemohyoideus muscle allows 
tracheal visualization. The endotracheal tube is withdrawn to a 
to the incision site. The tracheal interspace between the fourth and fifth tracheal 
ring is incised. Three techniques for tracheal incision, transverse, longitudinal, 

and flap, have been described. Following incision, traction sutures are placed in 

both ends of the incision on the ventral aspect to control the trachea. Hemor¬ 
rhage and mucus are evacuated from the tracheal luinen. An appropriate size 
tracheostomy tube is then inserted into the trachea. Following tracheostomy 
tul>e placement, the skin is loosely apposed to prevent dissecting subcutaneous 
emphysema. A sterile wound dressing is applied. The tracheostomy tube is se¬ 
cured around the neck using umbilical tape attached to the suture tabs of the 
tracheostomy tube. I lie area is lightly bandaged to prevent soiling. 


ition rostral 




technique uses a set of dilator devices that are used to facilitate placement. Inser¬ 
tion sites may be at either rhe cricothyroid membrane or at the 5 to 6 inter¬ 
ring area. A small surgical wound is created in the superficial tissues over the 

proposed mn’riion site. A needle is introduced into the tracheal lumen and a 

guide wire threaded through the tracheal lumen. The needle is withdrawn leaving 
the guidewire in place. A series of dilators are sequentially inserted to enlarge 

the “tract” until the desired trachesotomy tube has a path large enough to he 

easily inserted. The disadvantage to the technique is that the endotracheal tube 
used for initial airway management may interfere with the procedure. Caution 
must be observed that the endotracheal tube is withdrawn proximal to the inser¬ 
tion point before beginning the procedure. 


Figure 12-3 

Cuffed tracheostomy tube with intro 
ducer. 
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1. Manipulate the tube, 

2. Remove the inner cannula, if the tracheostomy tube has one. If not deflate 

the cuff to allow the patient to breathe around the tube. 

3. Attempt to pass a suction catheter. 


Following placement, the tracheostomy tube cuff is inflated if ventila- 

tory support is to be provided (Fig. 12-3). If overinflated, a high-volume-low- 

pressure cuff can become a high-pressure cuff, which significantly increases the 

chance of tracheal wall necrosis. For positive pressure ventilation, the cuff is 
inflated until the air leak disappears. Air is then gradually withdrawn in small 

increments until taere is a slight leak at peak inspiration. : or spontaneous venti¬ 
lation or continuous positive airway pressure, remove small amounts of air until 

a small expiratory leak is heard. Periodic cuff deflation, whether it is a high- 
pressure or low-pressure cuff, does not reduce the chances of tracheal necrosis. 

Complications associated with artificial airways include cuff leaks, acciden¬ 
tal extuhation, and obstruction. Obstruction may be due to tube kinking, cuff 

overinflation herniating and blocking the end of the tube, or buildup of secre¬ 
tions within the tube lumen. Airway obstruction due to mucous plugs occurs 

more frequently in tubes with a small diameter. These complications can be 
immediate and life-threatening. To avoid this complication, periodic removal 
and cleaning of the inner cannula is recommended (Table 12-1). Airway suc¬ 
tioning generally occurs at the same time. There should always be a replacement 

tube and intubation equipment near the patient. 






LH 


K 


Pulmonary hygiene is an important aspect in caring for the patient with an arti¬ 
ficial airway. Suctioning will need to be performed to prevent the accumulation 
of secretions. Auscultating breath sounds, noting previous amounts suctioned, 
and monitoring temperature and respirations can help determine how frequent ly 

the patient needs to be suctioned. Suctioning causes tracheal irritation and can 

cause an increase in mucous production, so it should never be done more than 

3 to 4 times per day. The procedure for suctioning is outlined in Table 12-2. 

The suction catheter should be no more than one half the size of the tra¬ 
cheal tube and made of a soft pliable material to minimize the damage to the 
mucosal wall. A side port or hole that can be digitally occluded is recommended 

to prevent injury associated with excess suction pressure. The vacuum of the 

suction apparatus should be adjusted to —80 to —120 mm Hg. Possible complica¬ 
tions from suctioning include hypoxia, dysrhythmias, hypotension, and lung col¬ 
lapse. 


The tracheotomy wound is an open surgical site and is subject to complica 
. Immediate complications include hemorrhage and subcutaneous and medi 


ttons 

astinal emphysema. Late complications include bleeding from tracheal irritation 

and infection. Aseptic technique must be used when working with these patients. 
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use sterile gloves, suction catheter, bowl, and saline. You will need 
suction source, an Ambu bag connected to 0 2l and someone to assist. Ide 
ally, the patient is on an electrocardiogram monitor. 

times with 100% O* to hyper oxygenate. 

insert the catheter, applying no suction, until a slight resistance is met. Pull 

back slightly, then apply intermittent suction and use a twisting motion as 

you continue to withdraw the catheter. 


1. 


fa 


the patient 


2 . 






t 


4. This process should take no longer than 10-15 sec. 

times with 100% O* or until vital signs return to 


the patient 










line 


6. Repeat process, if needed. 

7. Small amounts of sterile saline can be instilled to help loosen secretions and 

stimulate coughs. 

8. The oral cavity can be suctioned with the same catheter, but never reuse it 

in the trachea. 

9. Note amounts, color, consistency, and patient tolerance on the chart. Notify 

the clinician if there are any significant changes. 


The site is treated as any other open surgical incision. It must be kept clean and 
dry and checked frequently for signs of redness or swelling. The area should be 

cleaned routinely with a 50:50 solution of 3% hydrogen peroxide solution and 

sterile water or saline, then rms J with sterile saline or water alone. Folded sten e 
ijauze pads placed in a manner to provide a cushion around the tracheostomy 
tube prevents the tracheostomy tube collar from applying pressure and rubbing 

against bare skin. Care should also be taken in positioning the patient to prevent 

pulling or placing traction on the tube. A swivel adapter helps to prevent this. 

There is controversy concerning if and how often a tracheostomy tube should 

be changed. Normally, a tracheostomy tube i> not changed during the fir^r ' to 

4 days after placement unless there is a complication. If replacement is required 
during this initial period, it should be done by the surgeon or clinician. If there 
are no problems, the tracheostomy tube should be replaced once a week. 
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Thoracocentesis (Table 12^3) is the procedure in which the pleural cavity 

is drained by temporary insertion of a needle through the intercostal space into 

he pleural cavity. Thoracocentesis may be considered in emergent patients that 
demonstrate increased work of areathing in conjunction with diminished breath 

sounds. It is typically performed prior to diagnostic radiography in severe 
gent cases to effect respiratory system stabilization. The goal is to determine the 
presence of air, fluid, or blood in the pleural space. Removal of air and fluid iom 
the pleural space permits lung tissue re-expansion and restores normal thoracic 
physiology. A sample of any collected fluid may be analyzed by clinicopathologic 
and cytologic techniques to determine its character and possible origin. 


emer 
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1 Give 0; via face mask at a minimum of 10 L/min. 

2. Allow the animal to assume position of comfort. 

. Sternal in most 

3. Identify mid 

. 7th interspace 

i. Midway between shoulder and last rib 

b. AI out 4 inches below the spine for anticipated air drainage 

c. About 3 inches above the sternum for anticipated fluid drainage 

. Shave a 1 ■ 1 inch area of hair. Quickly scrub with surgical prep. 

5, Assemble a thoracostomy unit using a 20-gauge x 1-inch needle, three- 

way valve, IV extension tubing, and 35-ml syringe. A small hemostat is 

also useful. 

6, Palpate the rib space. Infiltrate the proposed thoracentesis site with 1 

ml 2% lidocaine in the subcutaneous and muscle tissue. 

inning just off the front 

the 8th rib As needle is advanced, aspirate on syringe. Generally, needle 
will not go in more than 1 inch when free air begins to be aspirated. 

at this point. A hemostat clamped around the needle 
shaft at the skin surface level may be helpful in preventing the needle 

from advancing. 

in aspirating with the syringe. When syringe is full of air, rotate three 

way valve and expel air from syringe. Re-rotate valve to close side port 

and aspirate again 
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region for needle placement. 
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Thoracocentesis may be performed using a hypodermic needle, butterfly 
catheter, over-the-needle catheter , or teat cannula as the drainage device. In all 
cases, the drain unit is attached to a three-way stopcock and syringe unit. A 6- 
to 12-inch IV tubing extension set is attached between the needle and three-way 
valve. All components are assembled prior to thoracocentesis to guard against 
introduction of air into the pleural space. 




Thoracostomy rube (chest drain) placement (Table 12-4) is considered 

when either continuous collection of air or fluid occurs in the pleural cavity 

necessitating multiple thoracocentesis procedures, or when it is anticipated that 

continuous pleural space drainage is required for fluid, nr, chyle, or purulent 
exudates. The two options for thoracostomy drainage are mini-chest tube or 

regular thoracostomy tube placement. 








A mini-chest tul is recommended under the following conditions: (1) it 
thoracocentesis has to he done more that twice to relieve the patient of respi¬ 
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mask at a minimum of 10 l/min. 
Allow the animal to assume position of comfort. 

. Sternal in most 




1. Give 
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3. Identify mid-thorax region for needle placement. 

. 7th interspace 

l Midway 


shoulder and last rib 

b. About 4 inches below the spine for anticipated air drainage 
c About 3 inches above the sternum for anticipated fluid drainage 




of hair. Scrub with surgical prep as per surgical 


i f-vi*' 


6 x S mch 
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procedure. 


three-way valve, IV extension 
tubing, 35-mL syringe, plastic lock bands, scalpel blade, curved hemostat, 
needle holders, suture material, tubing clamp, and band 

6. Palpate the rib 

trate the proposed thoracostomy site with 2 to 4 ml 2% lidocaine in the 
subcutaneous and muscle tissue. Sedation may be 
tient cooperation. 


5. Assemble a chest drain unit, tubing 
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. Stretch the skin forward 


possible, infil 
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to facilitate 
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subcutaneous 

tunnel down to the intercostal muscles using blunt tissue dissection. 

. Insert the thoracostomy tube/stylette unit into the di 

gentle pressure, advance the unit until it enters the pleural 

felt as a loss of resistance. Wait approximately 2-3 seconds to let lung 

tissue collapse. 

9. Stabilize the stylette. Advance the thoracostomy tube downward and for 

ward approximately 3-5 inches or until all the drain holes in the tube ar 
estimated to be in the chest cavity. 

10 . Withdraw the stylette. As the stylette is being withdrawn, clamp the tube 

to prevent inward air flow and pneumothorax. 

11. Attach a tubing adapter and three-way stopcock, 

the thoracostomy tube with a self-locking plastic band 

way stopcock to the adapter with a single drop of "super glue* placed in 

the joint. 


1-cm skin wound over the proposed site. C 
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in aspirating with the syringe. 

When syringe is full of air, rotate three-way valve and expel air from sy¬ 
ringe. Re-rotate valve to close side port and aspirate again until negative 

pressure (suction) is felt. 

13. Place a purse-string suture through the skin and 

of the drain tube. Secure the drain tube with either a criss-cross weav 
ing of the suture and/or a series of fascial sutures near the end of the 

tube, 

14. Confirm chest drain location with thoracic radiography 

wound site with sterile occlusive dressing and snug, but not tight, body 

wrap. 

15. Attach to continuous drainage system if indicated. 


12. Attach a 60-mL syringe to the drain 
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ratory distress, (J 1 no blood is being aspirated during thoracocentesis, and 
(3) negative pressure (vacuum' is able to be reached easily with aspiration. Mini- 
drain placement is preferred in patients with pneumothorax. A “mini-chest tube” 

is made by adding 5 small side holes in a 16-gauge to 5 Fr clear polyvinylchloride 
(PVC) feeding tube. The side holes should not involve more than one fourth the 
circumference of the tube. A commercial PVC or polyurethane thoracocentesis 
catheter (8 Fr, polyurethane “pigtail catheter” [Cook Inc.], or “cavity evacuation 

catheter” (Arrow, Inc.)) also work well as mini-chest tubes. 

The placement procedure is as follows: 


The site for chest drain placement is identified. 

2. A local anesthetic block is created by injecting 2 to 3 mL or 2% lidocaine 

into the proposed insertion site. 

3. The tube is placed through a 14-gauge needle that is hrst inserted into the 

pleural space at the identified intercostal space. It is advanced so that 3 to 

5 inches of tubing are inside the pleural space. 

4. The needle is withdrawn and the catheter fixed to the chest wall with sutures 

that penetrate the underlying fascia N F just the skin. 

An extension set and stopcock are attached and a dressing applied. 

Aspiration is performed once every several hours until little air is removed 
on several tries and the patient remains comfortable without evidence of respira¬ 
tory difficulty. 


1 . 


5. 


A chest tube (see Table 12-4) should be inserted under the following condi¬ 
tions: (1) if the patient does not appear to improve following thoracocentesis, 

(2) if significant air or blood is aspirated, or (3) if vacuum cannot be reached 

within the pleural space with simple aspiration. The chest tube size should be 

approximately the same diameter as the patient’s mainstem bronchus. Hollowing 
a complete surgical prep of the proposed insertion site, the skin of the lateral 

chest wall is pulled forward and held by an assistant. A local anesthetic block 
(2% lidocaine) is created by injecting into the sixth and seventh intercostal 

nerves, surrounding tissues and pleura. It the animal is anxious, a small amount 

of sedation is provided (diazepam 0.1 mg/kg, and oxymorphone 0.05 mg/kg IV) 

while supplemental 0 2 is continued. An incision in the skin and subcutaneous 

tissue in the center of the seventh intercostal space. A hemostat is used to gently 

dissect a small hole into the pleural space (Fig. 12-4). Air is allowed ro enter 

the space to collapse the lung away from the chest wall. A styleted chest tube 

is then inserted, confirming that the stylette is pulled back so that it does not 
project from the tube’s tip (Fig. 12-5). The chest tube’s tube unit is inserted 3 

to 8 inches until all 5 side holes are inside the pleural space (Fig, 12-6). Some 

commercial chest tubes require several side holes to be made so that at least five 

are present. The skin is then allowed to return back to its normal position, thus 

forming a shelf of tissue that will act as a seal, preventing air from entering the 
pleural space. A tubing adapter and three-way stopcock are inserted into the 
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Figure 

Forceps tunneling through chest 

wall prior to chest drain placement. 
Note the location of the forceps 
just cranial to the eighth rib. Note 

that the forceps is advanced on 
30* angle to penetrate the pleural 

. (From Boggs Rl, King MW, 

: AACN Procedure Manual for 

Critical C 

WB Saunders, 2001.) 
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exposed end of the chest drain. The tubing adapter is secured with a self-locking 

plastic tie wrap (Fig* 12-7B). Aspiration is started with a syringe or underwater 

seal and suction apparatus. The chest tube is fixed in place using a suture inserted 
into the periostium of the rib and fascia. A sterile dressing is then applied. 

Before a body dressing bandage is applied, it is recommended to take a 
radiograph to check on t ie position of the tube and ensure that no kmk have 
occurred. Supplemental O; via a mask, bag, hood/collar, or nasal catheter should 
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Figure 12-5 

Examples of commercially available chest drain systems. (From Boggs RL, King MW, 

: AACN Procedure Manual for Critical Care. 3rd ed. Philadelphia: WB Saunders 






2001 .) 
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Figure 

Placement of a trocar (stylette) based chest drain. 
Note that the trocar is positioned just inside the 
pleural space. Chest drain is then advanced while 
trocar is stabilized. (From Boggs RL, King MW, 

: AACN Procedure Manual for Critical Care, 3rd 
. Philadelphia: WB Saunders. 2001.) 
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Two methods for securing drainage systems connections. Self-locking plastic bands 
(Parham band) 

dure Manual for Critical 1 Care, 3rd 


generally preferred. (From Boggs RL, King MW, eds: AACN Proce 

. Philadelphia: 


as 


Saunders, 2001.) 




L* 


Copyrighted material 




o 


o 


o 


o 


o 


o 


o 


o 


o 


Figure 12-8 

Example of a homemade three-bottle chest drain system. (From Boggs RL, King MW, 

eds: AACN Procedure Manual for Critical Care, 3rd ed. Philadelphia: WB Saunders, 
2001 .) 
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Suction Control 


Drainage collection 


Figure 12-9 

Example of a commercially produced water trap chest drain system. (From Boggs RL 
King MW, eds: AACN Procedure Manual for Critical Care, 3rd ed. Philadelphia: WB 
Saunders, 2001.) 
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be continued and considered a mandatory prerequisite before thoracic ra< io- 

graphs are taken. Homemade chest drain systems or chest evacuation systems 

(PleuraVac, Deknatei, Inc.; Thoravac, Anderson, Inc.) are preferred (Figs. 12-8 

and 12-9). A practical means of providing-15 cm H 2 0 continuous suction can 
be done by attaching a section of Vs inch diameter tubing in which a 'A inch 
diameter side hole has been cut to a standard suction unit. 
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Several maneuvers have been described to assist compromised protective 
mechanisms in patients demonstrating respiratory disease. The purpose of these 

maneuvers is to augment mucous transport systems that prevent accumulation 
and desiccation of mucus in the small airways. 

Encouraging veep breathing and early ambulation are two effective merhods 
to decrease retained secretions associated with positional stasis. Mild exercise 

and pain management (i.e., from thoracotomy) are two commonly used ap- 

loaches to facilitate deep breathing. 

Postural drainage may be helpful in cooperative patients. This technique 
uses different body positions to facilitate gravity drainage of bronchial secretions. 

Sequential rotation into lateral, dorsal, and sternal recumbancies both head 

down and head up are performed. The animal is inclined with the head down 

position first, then head up, and finally head down position to facilitate drainage. 

This technique may be performed in conjunction with or immediately after neb- 

ulization therapy. This maneuver may be done several times a day for 1 5 to 30 
minutes to assist in secretion drainage. 

Cough reflex stimulation will help clear retained or excess secretions. 
Cough is stimulated by a maneuver called chest physiotherapy. Chest physiother¬ 
apy is generally performed using percussion. Percussion is performed by repeat¬ 
edly striking the chest wall over the diseased region with a cupped hand (Figs, 
i 2-10 and 12-11). The intent of this maneuver is to promote cough reflex and 

promote clearance of loosened secretions. It is suggested tliat this procedure be 

done for 5 to 10 minutes four times daily. This maneuver is usually performed 
immediately following nebulization (see below). Alternately, a therapeutic mas- 


Figure 12-10 

Correct hand position for applying 

cuppage. (From Boggs RL* King MW, 
eds: AACN Procedure Manual for Criti 
cal Care. 3rd ed. Philadelphia: WB 

Saunders, 2001.) 
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Figure 12*11 

Physiotherapy. Circular areas repre 

sent primary points for cuppage. 




/ 




sage vibrator may be used in place of “thumping.” Each hcmithorax is divided 
into nine zones for this procedure. The massage unit is placed over one area of 
the chest and held in place for 60 to 90 seconds and then moved to another 
area. The vibrating action produces a cough stimulus that facilitates secretion 
drainage. This technique should also be performed 10 to 15 minutes four times 

daily. 


is warmed and humidified 


In normal animals, inspired air 
through the nasal passages. The normal tracheobronchial tree is covered by a 
mucous layer that continuously moves up the tracheobronchial tree at a rate of 

10 to 20 mm/min. One of the valuable effects of humidification is that it main' 


as it passes 


tains hydration of the mucociliary blanket in the trachea. Certain disease states 

and therapeutic measures may decrease the natural humidification process. Dry- 
ing of the mucociliary blanket may lead to retained secretions due to decreased 
clearance. Decreased clearance may produce or further stimulate tracheal in* 
flammation, damage to the respiratory epithelium, increased risk of bacterial in¬ 
fection, and pulmonary parenchymal changes producing atelectasis, increased 
venous admixture, and decreased functional residual capacity. 

Patients with tracheostomy tubes, extended endotracheal tube placement, 

or those receiving 100% 0> therapy present the greatest risk for airway dehydra- 

tion. Supplemental fluids are required to minimize airway dehydration. Systemic 

fluid administration is helpful; however, it does not directly change mucous vis- 

cosiry. Humidification of inspired air should be used in “at risk” patients. In-line 

humidifiers are used to supplement gas humidification. 

Two common humidifier designs are the pass-over humidifier and the bub¬ 
ble diffusion humidifier. The pass-over humidifier has gas flowing in an enclosed 

space over a water reservoir. Moisture is added by evaporation of the water from 
the liquid surface. A bubble diffusion humidifier has a gas inlet that connects 

to an internal pipe that is immersed in a liquid reservoir. As gas passes out of 
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the pipe, a di ft user plate permits the gas to be broken into small bubbles and 
contact the water reservoir. The effect of breaking the gas stream into bubbles 
is to increase the surface area for contact with fluid. Both humidifier designs may 

be purchased with or without heating elements. The addition of heat will cause 
a greater amount of water vapor in the gas. Although unheated humidifiers pro 

vide less water entrainment, excessive amounts 
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as harmful as low humidity. 
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include systemic overhydration, tracheal epithelial damage, hyperthermia, elec 

trolyte imbalances, increased venous admixture, atelectasis, and decreased func 
tional residual capacity. 

A disposable hygroso pic filter that retains heat and moisture may be used 

in patients receiving ventilatory sup 

are designed to recover exhaled moisture that would otherwise be lost 

to the atmosphere. This moisture is then entrained in the next gas volume deliv 

ered to the patient. Such units are economical and simple in design and use. 

have less humidification at 


«p 


irt. These devices, referred to 


as “artificial 
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noses 




They do, however, clog with pulmonary secretions, 


high delivered gas flows, and increase “dead space” in the breathing circuit. 
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Nebulization is used to prevent drying and retention of airway secretions 

delivery technique for 


in the tracheobronchial tree. It may also be used 

antibiotics, bronchodilators, decongestants or anti-inflammatory agents. Nebuli 
zation increases moisture content by physically adding liquid droplets to inspired 
gases. Nebulizers fractionate water into tiny particles ranging from 2 to 80 (itn 
in diameter. The lower end of this particle range 

be distributed to the terminal lung units and alveoli. Larger size particles (>10 


as a 
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to 


IS 


* 
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the particle diameter, the sooner ir will be deposited on respiratory mucosa. Two 
nebulizer designs currently available are jet and ultrasonic nebulizers. An ultra 

sonic nebulizer will produce higher percent of droplets (90% ultrasonic, 55% 

Ultrasonic nebulizers also produce a 


jet) in 

denser aerosol mist thereby delivering a large fluid volume locally 

n veterinary medicine, saline nebulization in order to thin secretions is 

probably the most commonly used technique. The patient is nebulized for 15 to 

30 minutes three to six times daily. Chest percussion may be used following 
nebulization to help loosen secretions. Potential complications of nebulization 

therapy include overhydration, hyperthermia, tracheobronchial irritation, and 
infection from either bacteria or fungi. 
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Goals for drug therapy in the respiratory patient include control of airway re 
flexes, secretion control, small airway dilation < “opening 
flammation or infection control, and pain management. 

Normal airway reflexes include sneezing, pharyngeal closure, coughing, and 

bronch os pas i n. Uncontrolled sneezing is usually treated by identifying and man 


airway”), in 
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Respiratory C 

aging the underlying cause. In extreme cases, tranquilizers or sedatives may be 

used to break the sneeze cycle. Pharyngeal swelling (i.e., “croup”) may be man* 

aged by nebulization and anti-inflammatory drugs. Laryngeal paralysis may be 
medically managed with tranquilizers or sedatives to reduce symptoms until de¬ 
fined surgical correction. 

Coughing is a natural defense against retained secretions and is beneficial 
when there is an excess of secretions. Nonproducti ve, “dry” cough due to tracheal 

irritation (“kennel cough”) is not beneficial and may cause global tracheobron¬ 
chial inflammation. In these cases, cough reflex is best suppressed by medical 
intervention if the origin cannot be immediately eliminated. Antitussives may 
be indicated if unproductive coughing occurs. The most common antitussives 
are opioid class drugs such as I utorphanol, dextromethorphan, codeine, and h\ ' 
drocodone. These drugs should not be used to suppress a moist, productive cough. 
Corticosteroids will decrease the cough reflex by their anti-inflammatory proper¬ 
ties but they are short acting and may predispose to infection. In general, cortico¬ 
steroids are second-level drugs that are selected after proper hydration and cough 

reflex suppression is instituted. 

Bronchospasm produces a narrowed airway. It will increase airway resis¬ 
tance, work of breathing, and ventilation-perfusion mismatch. Bronchospasm 
may be produced by a variety of trigger factors including inflammation, mucosal 
edema, and presence of excess secretions. Bronchospasm is treated with sympa- 
thomimetics ((3-agonists) or xanthines. A combination of the two drug classes 
appears to be additive in producing bronchodilation. It bronchodilation is the 

only therapeutic goal, a sympathomimetic drug with predominant [^-activity is 
selected (Table 12-5). The advantages of (^-agonists are that they are potent 

bronchodilators largely devoid of side effects associated with activation of (3j- 
and a-receptor stimulation. Drug tolerance does not occur with repeated admin¬ 
istration. Corticosteroids may also be used to reduce bronchospasm. Parenteral 

administration of hydrocortisone, prednisolone, or dexamethasone is commonly 

used in refractive bronchospasm. Their selection generally follows trial adminis¬ 
tration of j}| agonists. 

Antimicrobial therapy should he based on the results of culture and sensitiv¬ 
ity tests. Systemic antimicrobial administration is preferred for treatment. Nebu- 

lizarion or intratracheal injection of antibiotics has not been shown to be bene¬ 
ficial and often predisposes to mycotic infections. If nebulization is used, the 
majority of medication will be deposited in normal lung regions because antibi¬ 
otic containing droplets will follow the path of least resistance. Antibiotic deliv¬ 
ery will be subtherapeutic in affected lung regions that have airway narrowing, 
increased fluid retention, or consolidation. 

One major concern in respiratory patients is their tendency for thickening, 

accumulation, and retention of airway secretions. Providing airway moisture by 
systemic hydration or sterile saline nebulization can help liquefy and loosen se¬ 
cretions. Mucolytics such as N-acetylcysteine may be nebulized to liquefy secre¬ 
tions. N-acetylcysteine is a local tissue irritant and inactivates penicillin class 

antibiotics. Concurrent nebulization of a branchedilator is recommended to re¬ 
duce bronchoconstriction associated with local airway irritation. Expectorants 
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ens 


are not effective in increasing mucociliary clearance in animals and are not tec- 

ommended. In most cases, the best therapy for clearing secretions is a combina- 
tion of proper hydration, physiotherapy, and the normal cough reflex. 

In some cases, pain will prevent an animal from taking deep breaths. Pain 
may also make the patient reluctant to move around or he handled. In these 
instances, analgesic therapy is indicated to encourage deep breathing and ambu- 
lation and reduce postural stasis. If the pain focus is rib injury or a thoracotomy 
procedure, intercostal nerve Mocks or interpleural administration of bupivicaine 
may be therapeutic. Low doses of systemic opioids may be used for adjunctive 

analgesia. Opioids should never be withheld because of theoretical concerns 

about their ability to cause respiratory depression. Multiple studies have demon' 
strafed that this concern is unwarranted in trauma or surgical patients. 
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Water and electrolytes represent essentials of life. In veterinary medicine these 
essentials are often required in resuscitation of animals in shock, suffering from 
deh fdration, or affected with diseases resulting in losses or excesses of these es¬ 
sentials. 




















.rj 


Water balance within the body plays an important role in the maintenance of 
plasma osmolality and effective circulating volume. Plasma osmolality is a func¬ 
tion of the ratio of body solute to body water; it is regulated by changes in water 
balance. Water intake is derived primarily from three sources: ingested water, 

water contained in food, and water produced from oxidation of carbohydrates, 

proteins, and fats. Water losses occur in the urine and stool, as well as by evapora¬ 
tion from the skin and respiratory tract. Alterations in plasma osmolality of as 

little as 1% to 2% are sensed by osmoreceptors in the hypothalamus. These 
receptors initiate mechanisms that affect water intake (via thirst) and water 
excretion (via antidiuretic hormone (ADHJ) to return plasma osmolality to 

normal. 


The major defense against hyperosmolality (accumulation of solute in ex- 
of body water) is increased thirst. Although the kidney can minimize water 
losses by the action of ADH, water deficits can be correcred only by increased 
dietary intake. Therefore, symptomatic hyperosmolality will not occur in a pa¬ 
tient with a normal thirst mechanism and free access to water, regardless of the 
patient's abilit to conserve body water through renal mechanisms. 

Hypo-osmolality can result from excessive body water retention with subse¬ 
quent dilution of body solutes or from loss of solute in excess of water loss (e.g. ( 
diarrhea). Because the kidney daily excretes large volumes of water, persistent 
water retention resulting in hypo-osmolality occurs only in the presence of de¬ 
creased renal water excretion. In patients with normal renal function, hypo- 

osmolality must therefore be due to solute loss in excess of body water loss. 

In summary, plasma osmolalir is governed by osmoreceptors in the hypo¬ 
thalamus, which influence thirst and the secretion of ADH. ADH increases wa¬ 
ter resorption and subsequently, urine osmolality, but does not affect sodium 

transport. Regulation of plasma osmolality is therefore achieved by changes in 
water balance within the h Jy. 
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Effective circulating volume is that part of the extracellular fluid (ECF) that 

is within the vascular space and effectively perfusing tissues. It varies directly 

with ECF volume and also with total body sodium, because sodium salts are the 
primary ECF solutes holding water within the extracellular space. Therefore, 
regulation of sodium balance, by losses/gains in renal sodium ions, and the main* 

tenance of effective circulating volume are closely related. 

The kidneys are the primary regulator of sodium and volume balance. With 

a volume increase (e.g., sodium loading), sodium excretion increases in an at* 

tempt to return the volume to normal. Alternatively, volume depletion results 
in sodium retention. Changes in volume are signals that allow sodium excretion 
to vary appropriately with fluctuations in sodium intake. 

These changes in effective circulating volume are sensed by specific vol¬ 
ume receptors, which then activate a series of effectors to result in appropriate 

volume-correction measures. The primary volume receptors arc located in the 
cardiopulmonary circulation, the carotid sinuses and aortic arch, and the kid¬ 
neys. Most volume receptors actually sense changes in pressure or stretch as a 

result of volume expansion or depletion. Stretch receptors in the renal afferent 

arterioles influence the activity of the renin-angiotensin-aldosterone svstem, 
whereas nonrenal sensors primarily govern the activity of the sympathetic ner¬ 
vous system. 

Three major effectors alter circulating volume: the sympathetic nervous 
system, angiotensin II, and renal sodium excretion. Volume depletion, sensed 
by arterial baroreceptors as hypotension, causes an increase in peripheral sympa¬ 
thetic tone. Tins increased tune initiates specific compensatory changes, which 
return volume to normal (Table 13-1). These changes in sympathetic tone, along 
with changes in effective circulating volume, are mostly compensatory. Appro¬ 
priate changes in renal sodium excretion are required to restore normal volume 
balance. 


Hypovolemia also causes an increase in renin secretion. The subsequent 
increase in angiotensin 11 produces increased blood pressure (as a result of arterial 

vasoconstriction), as well as renal sodium retention (this is both a direct effect 

and also the result of increased aldosterone secretion 
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Changes in peripheral sympathetic tone result in the following changes: 

• Venous constriction: increased venous return 

• Increased myocardial contractility and heart rate: increased cardiac output 

• Arterial vasoconstriction: increases systemic vascular resistance and blood 

pressure 

• Increased renin secretion: increases levels of angiotensin 

vasoconstrictor 

• Increased renal tubular sodium resorption (due to increased levels of angio¬ 
tensin II and aldosterone) 


which is a potent 
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Although sodium is important in the daily maintenance of effective circu¬ 
lating volume, the other major electrolyte of concern is potassium, which has 

two major physiologic functions within the body: (1) an important role in normal 

cell metabolism because the ratio of intracellular to extracellular potassium is a 
major determinant of the resting membrane potential and 1 !) important for nor¬ 
mal neural, smooth muscle, and muscular function* In the basal state, the distri¬ 
bution of potassium between the cells and ECF is governed primarily by cell 

membrane NV/K* adenosine triphosphatase (ATPase), which pumps potassium 

into, and sodium out of, the cells (against their concentration gradients) in a 
ratio of 3:2. After a dietary potassium load, catecholamines and insulin promote 
the cellular uptake of potassium, facilitating its disposition until appropriate mea¬ 
sures can he taken to secrete the extra potassium. 

Urinary potassium losses are largely a function of its secretion in the distal 
nephron. Aldosterone and plasma potassium concentration are the major regula¬ 
tors of potassium secretion. After a potassium load, aldosterone secretion is en¬ 
hanced. Aldosterone stimulates Na + /K + ATPase at the peritubular membrane, 

thereby increasing cellular potassium concentration and the permeability of the 
luminal membrane to potassium. Increased potassium secretion results. Plasma 
potassium concentration also plays an important role in regulating potassium 
secretion. As ECF potassium levels rise, so does urinary potassium secretion. 

Other factors that play a more permissive role in potassium secretion include 

flow rate to the distal nephron and the potential difference generated by sodium 
resorption. 

Magnesium is distributed unevenly throughout ECF, intracellular tliiid 

(ICF), and bone, with the vast majority found in bone and soft tissues. The 

greatest concentration of Mg is in soft tissues having the highest metabolic activ- 
ity (brain, heart, liver, and kidney). 

Less than 1% of the body’s content of Mg is found in the serum. Mg exists in 
three distinct forms in the serum: a free or ionized fraction, an anion-complexed 
fraction, and a protein-bound fraction. The ionized fraction (iMg) is the physio¬ 
logically active fraction normally accounting for approximately 71% of the total 

sMg concentration. The iMg is the relevant fraction in serum because it is in 
equilibrium with the intracellular Mg concentration. Little is known about the 
mechanisms regulating iMg concentration. A variable that can affect iMg sample 
quality includes large variations in protein concentrations that alter the ratio of 

iMg to total magnesium. A variety of anions that are either commonly adminis¬ 
tered or endogenously produced in patients in acute care settings (heparin, cit¬ 
rate, lactate, bicarbonate, phosphate, acetate, and sulfate) may also appreciably 
reduce iMg (4%-90% I depending on concentration. 

Levels of sMg are not routinely determined or monitored in veterinary med¬ 
icine. Abnormalities in serum magnesium (sMg) are common in critically ill 

dogs. The significant occurrence of hypomagnesemia and hypermagnesemia ob¬ 
served in critically ill dogs parallels the rates reported in humans. Studies that 

evaluated the clinical consequences of abnormalities in Mg found that both de¬ 
creased and elevated levels of sMg are associated with higher morbidity and 


Copyrighted material 


Fluid and Electrolyte Therapy I Chapter 13 


mortality. 1 Furthermore, disturbances in Mg balance are now commonly recog' 
nized in hospitalized veterinary patients 2 and administration of Mg supplements 

is becoming more common in the CCU. 

Determination of sMg concentrations reflects only a small part of the total 

body content of this ion, the vast majority being located intracellularly. Con¬ 
sequently, the serum concentration and intracellular levels weakly correlate; a 

normal or minimally low sMg level can occur in the presence of total body Mg 
deficiency. Therefore, it is important to determine the intercellular concentra- 

tion of Mg because this may reflect total body stones more closely. 

Because of slow equilibration with intracellular stores (days to weeks), the 

sMg level can be misleading. Acidosis, elevated bilirubin levels, and hemolysis 
may falsely elevate the sMg value. A circadian rhythm with sMg has been re¬ 
ported with a peak effect around 12:00 pm and the lowest levels from 11:00 pm 
to 4:00 am. 5 Also, Mg deficiency severe enough to result in hypocalcemia and 
cardiac dysrhythmias may he present despite normal serum concentrations. 




When an animal is presented, it is important to first address overall fluid balance. 
Quickly observing the animal anti simultaneously obtaining a thorough and 

chronological description of the illness are helpful. The history must include 

information regarding the amount and frequency of abnormal fluid losses (vom¬ 
iting, diarrhea, wound drainage, etc.) and whether or not polyuria, polydipsia, 
or anorexia is present. Abnormal breathing patterns and fever are also important 
indicators of the patient s status. It is useful to know the animal's exact body 

weight before the onset of illness from the owner or from current medical records. 

If there is an acute decrease in 
loss. In most cases 

tion. The exception to weight loss being primarily water loss is in animals with 
accumulation of third-space fluid (i.e., pyometra, pleural effusions, ascites, peri¬ 
tonitis). 


y weight, this loss can be attributed to water 

y weight will allow a more accurate assessment of dehydra- 


i_i 




Assuming fluid loss is not life-threatening, a thorough physical examination 

is performed. If a quick assessment suggests life-threatening complications (ab¬ 
normal mucous membrane color, abnormal capillary refill time, tachycardia, 

tachypnea, weak pulse, cool extremities, obvious blood loss), then the first goal 
of fluid therapy is to save the life of the animal. The thorough physical exam¬ 
ination is postponed and fluid therapy to stabilize the patient’s condition is 

started. 


IXiring the physical examination you will be observing physical parameters 
that will guide you to assess the patient’s hydration status and thus rehydration 
requirements. The physical parameters to be evaluated include an accurate 
weight, an assessment of skin elasticity, pulse rate and fullness, mucous mem¬ 
brane color and refill time, and respiratory rate and character. Despite these 

shortcomings physical examination findings are important and should be umaI 

when assessing the degree of dehydration (Table 13-2). Because baseline 
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weights are not often available, the veterinarian must be aware that the assess- 

ment < >t fluid losses is only an estimate; in fact, actual losses frequently are much 


greater. 


Body weight is the best means for assessing fluid volume losses. Baseline 
weights are often not available or there may he third-spacing where body weight 

is not decreasing. Losses of lean body mass are never rapid; therefore, acute losses 

are generally fluid losses and thus are usually an accurate quantitative estimator 
of deficit volumes. 

Changes in skin turgor are assessed in a consistent manner and location. 
Usually, the lateral thorax is preferred. The skin is pulled up, quickly released, 
and the time to return to normal is noted. When an animal is 12% dehydrated, 

the tented area of skin often remains tented for more than 5 to Id seconds! Skin 


targer can be misleai ing in that aged or cachectic animals that normally lose 

skin elasticity, patients with third-space losses and near-normal body weight, and 

obese patients which may have normal skin resiliency even when dehydrated. 

Third-space losses involve the accumulation of large fluid volumes in cavi- 

r ies such as the pleural or peritoneal space and intestinal or gastric lumen or in 

tissues around fracture or trauma sites These losses result in diminution of the 
ECF volume without an actual change in body weight. 

Mucous membranes are good indicators of hydration. Color and refill time, 
as well as nvistness, are assessed. The color of the mucous membranes vanes 

considerably. A septic patient often has injected, highly vascular mucous mem¬ 
branes, and a severely hypovolemic patient has pale mucous membranes. Because 

many factors govern the color of mucous membranes, this feature alone cannot 
be used to assess hydration. 

Capillary refill time has long been promoted as a good indicator of perfusion. 
Unfortunately, many factors alter refill time (e.g., environmental temperature, 
sepsis, shock, anemia, fever). In humans, capillary refill time is influenced by 
age (older patients have delayed refill times) and sex (females have slower refill 

times). 












The amount of fluid needed for replacement depends on the patient’s physiologic 

status, t' primary concern is the status of the bl< 
is directed to restoration of total body water and electrolytes. Fluid therapy is 
divided into three phases: (1) the emergency phase, (2) the replacement phase, 

and (3) the maintenance phase. 


volume and later concern 


The distribution of fluids and the 

to provide a more logical approach to fluid selection in the animal during the 
emergency phase of fluid therapy. 


>nse of the body to blood loss are discussed 
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The signs and symptoms of acute peripheral circulatory failure or shock 

depend on the degree of hhxxl volume depletion, the duration of that depletion, 

and the ability of the body to compensate. Shock is a clinical syndrome with 
acute perfusion failure and can be classified into four categories: hypovolemic, 
cardiogenic, distributive, and obstructive. Hypovolemic shock is due to a deficit 
of vascular volume after endogenous loss of blood, plasma, or electrolyte-rich 

fluid. In addition, cardiogenic, distributive, and obstructive forms of shock often 

are complicated by absolute or relative hypovolemia. Although dehydration may 

result in hypovolemic shock, hemorrhage and internal loss of fluid are equally 
common causes of hypovolemia. With the fall in intravascular volume, there is 

diminished venous return to the right side of the heart, low cardiac output, and 
a drop in systemic blood pressure. Various endogenous responses come into play 
to counteract this tailing blood volume and pressure. A reflex sympathetic vaso¬ 
constriction initiates peripheral and splanchnic vasoconstriction and increased 

peripheral resistance to divert blood to vital organs. This shunting worsens perfu¬ 
sion to peripheral organs and promotes anaerobic metabolism, reflected in the 
progressive buildup of lactic acid. The peripheral vasoconstriction also causes 

impairment of renal function, manifested either as oliguria or anuria. In this 
serious amplification of shock, the volume of urine produced varies in direct 

proportion to the effectiveness of the compensatory mechanisms and therapy. 

Several mechanisms come into play to preserve a physiologic state in acute 

circulatory failure. Cardiovascular signs are secondary to the decrease in plasma 

volume, and hypotension usually occurs if the fluid deficit is severe. Severe vol¬ 
ume depletion depresses all body systems. ECF sequestration is due to increased 
microvascular permeability with plasma and protein moving into the intersti- 

tium. 


Hypovolemia is one of the principal defects contributing to shock in the 
hospitalized patient. Treatment of this problem involves the administration of 

crystalloid or colloid solutions to correct the deficiency m the circulation of 
intravascular volume. Hypovolemia can he seen in shocklike states with or with¬ 
out depletion of intravascular volume. An “absolute” hypovolemia is caused by 

loss surgery or trauma), by fluid loss (vomiting/diarrhea), and from severe 
hum injuries. A “relative” hypovolemia can be seen with spinal injury, sepsis, 
and third-spacing from intra-abdominal sepsis, abdominal surgery, and vasodila¬ 
tation of the peripheral capillary bed caused by drugs, including anesthetic 
agents. In sepsis and third-spacing of fluids, interstitial fluid accumulates within 
the peritoneal cavity, lumen and wall of the small bowel, and wound tissues. 


h 


_ j 






j 


The total HxJy water ranges from 55% to 70% of the lean body weight (Fig. 

13*1). In the average adult dog total body water is about 60% of lean body 

weight. Thus, in a 15-kg dog the total body water will equal about 9 liters. This 

value increases to 75% to 80% in neonates and decreases with increasing body 

fat levels and age. 
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Figure 13-1 

Distribution of water in the various compartments expressed as a percentage of 
body weight. 


Total body water is distributed into two main compartments by the cell 
membrane: (1) the 1CF space constitutes 67% of total body water 

contains the remaining 33%. I \e 
ECF is further subdivided into two clinically important, water-contaming coin 


lean body weight), and (2) the E( r space 


partments: 

intravascular space (5% of the lean body weight). Other minor contributors to 


the ECF include cerebrospinal fluid (CSF) t intraocular fluids, and fluids in the 


gastrointestinal tract and pleural and peritoneal spaces. 

The various fluid compartment of the body do not exist as fixed spaces of 

water. Because of rhe nature of the cell membrane, these compartments differ in 
composition and are in constant exchange with one another. The predominant 
intracellular cation is potassium. Mg is also present in the 1CF in significant 

quantities. I he major ICF anions are the phosphates (e.g., HPQ 4 , HjPO* , 
ATI and proteins. In the ECF, sodium is 

and bicarbonate are the major anions. The concentration of sodium and po¬ 
tassium in these different fluid compartments is maintained by active Na 
ATPase in the cell membrane. Although the interstitial and intravascular com 
ponents of the ECF are in equilibrium across the capillary wall, they too dif fer 
somewhat in composition Proteins contribute significantly to the intravascular 
anions and are important in the maintenance of vascular oncotic pressure and 

therefore intravascular volume. 
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When water is added to one compartment, it distributes evenly across the 

total body water and the amount of volume added to any given compartment 
is proportional to its fractional representation of total body water. Thus, if 1 liter 
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II 


III 


IV 


% Blood loss 

Heart rate 

Blood pressure 

Urine output 

(mL/kgAh) 

Mentation 


< 15 ° o 


15-30% 


30*40% 


>40% 


+ 


+ + 


++ + 


+ + + + 


0 








0.5-1.0 


5 


0.25-0.5 


<0.25 


i 


Agitated 


Contused 


Anxious 


Depressed 


(Modified from Committee on Trauma. Advanced trauma life support student manual. 
Chicago: American College of Surgeons. 1989, p. 57.) 


of free water is placed in the intravascular space, there will be a minimal increase 
in the intravascular volume after equilibrium occurs. In fact, approximately 30 

minutes after rapid volume infusion of free water only one tenth of the volume 

infused remains in the intravascular space. 


Hood Lo 


In a healthy animal, a 

volume does not require intervention with intravenous (IV) 
fluids. With a loss of this volume, there is a three - phase compensatory response 

to mild hemorrhage (Table 13.3). 


15“ > loss of bl< 




mu 


Phase I. Within 1 hour of mild hemorrhage, interstitial fluid begins to move 

into the capillaries. This fluid shift continues for 36 to 40 hours. The egress 
of fluid from the interstitial space leaves an interstitial fluid deficit. 

Phase II. The loss of blood volume activates the renin-angiotensin- 

aldosterone system, which promotes sodium conservation by the kidneys. Be* 

mm distributes primarily in the interstitial space (80% of sn 
is extravascular), the retained sodium replenishes the fluid deficit in the inrer~ 
stitial space. 

Monitoring of the packed cell volume (PCV) will reveal a progressive 

fall. Within 2 hours, 14% to 36% of the ultimate change in PCV has resulted. 

Within 8 hours the PCV changes to 36% to S0% of the ultimate change and 

63% to 77% will he seen in 24 hours. When any plasma expander, including 

crystalloids, is infused, a more immediate fall in PCV can be expected. As 
the IV resuscitation fluids redistribute, the hi V again rises. 

Total scrum protein shows similar changes to PCV. Endogenous restora- 
t ion of depleted intravascular volume occurs through the movement of inter¬ 
stitial fluid into the intravascular space. Catecholamines mediate arteriolar 
vasoconsrriction that diminishes capillary bed hydrostatic pressure favoring 

influx of interstitial fluid into the vascular tree distal to the arteriolar constric¬ 
tion. Subsequently, the lymphatic flow pattern returns the plasma proteins to 

the intravascular space. Increases in interstitial pressures caused by crystalloid 
distribution into the interstitial space may augment lymphatic flow through 
the “protein-refill” mechanism. This process combined with increased alhu- 
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min synthesis and spontaneous diuresis secondary to volume repletion 

plains the return of serum protein levels after crystal loid resuscitation. 

111. Within a few hours after mild hemorrhage, the bone marrow be¬ 
gins to increase production of erythrocytes. Unfortunately, their replacement 

is slow with only 15 to 20 mL cell volume being produced daily. Complete 

replacement requires a couple of months. 
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The volume of fluid administered during the replacement phase is based on an 
assessment of fluid needs for (1) returning the patient's status to normal (deficit 

volume), (-') replacing normal ongoing requirements (maintenance volume), 
and (3) replacing continuing abnormal losses (continuing losses volume). 

I he deficit volume is an estimate based on findings from die physical ex¬ 
amination (see Table 13^2) or on known changes in body weight. To calculate 

the deficit volume, the estimated dehydration is multiplied by the body weight. 
It must be remembered that ir is difficult to replace all deficits in a 14-hour 

period. An attempt to do so results in urinary losses furthering dehydration. 

Thus, it is recommended that only 75% ro 80% of the deficit volume be replaced 

during the first 24 hours. Also, do not forget that you must add “daily mainte¬ 
nance volumes*’ to the calculated deficit volume if the animal is not eating nor 

drinking. 


Example 13-1 


A 22-lb (10 kg dog is assessed to be 7% dehydrated. What volume 

of fluid deficit should be given during the first 24 hours? 


Total deficit replacement volume = 

80% of deficit volume + maintenance volume 


Deficit replacement volume (mL) 


% dehydration X body weight (lb) X 454 X 0.80 

Deficit replacement fluid volume I mL) 

0.07 x 22 lb x 454 x 0.80 


560 mL + maintenance 


or 


I eficit replacement volume (mL) = 

% dehydration X body weight (kg) X 1000 X 0.80 

Deficit replacement fluid volume (mL ‘ 

0.07 x 10 X 1000 x 0.80 

I. Recall that 1 lb water is 454 ml. and 1 kg water is 1000 mL.) 

Maintenance volumes are normal ongoing losses. Ongoing losses are 

divided into sensible and insensible losses. Sensible losses can be measured 
and are water losses in the urine and feces. Insensible losses are normal but 

are not easily quantitated. These water losses occur during panting 

or sweating. One third of the maintenance volume is the insensibile 

volumes and two thirds, the sensible volumes. Traditionally, maintenance 


560 mL + maintenance 
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Figure 13-2 

Daily water requirements for the dog. The recommended formula is (30 x kg BW) + 
70 This formula closely approximates findings of indirect calorimetry (90.29 x kg on ) 

in the dog 


volumes have been estimated at about 66 mL/kg/d (30 mL/lb/d). 4 Using 

this volume will underdose some animals and overdose most t l igs. 13-2 

and 13-3) 


* 


Data are scarce regarding water needs for the iK>g and cat. We can 

pply formulas directed to nutritional requirements to estimate water needs. 

Water and energy requirements are numerically the same (1 Kcal of energy 

1 mL water). Unfortunately, many authors recommend dramatically dib 

ferent fluid and energy requirements. 5,6 Regardless, data from recent research 

arc used to document that energy expenditure or consumption is less than 
has been previously published. Numerous authors have estimated water 

needs at 50 mL/kg/d, 132 Kcal X kg 07 \ 7 156 X kg 0667 , (30 X kg) + 70, 

70 X kg 0 75 , and so forth. Most of these reports offer no data from which 

an assessment can be made. More recently, indirect calorimetry is being 

applied to estimate energy (and thus water) needs for the dog and cat. These 

studies reinforce that previously recommended formulae overestimate the 
energy' water requirements of the dog (see Figs. 13-2 and 13-3). I lie ques 
tion regarding energy (water) requirements in sick animals continues to 

elicit controversy. Traditionally it is taught that illnesses, injuries, and sur 

gory result in the increased need for more energy (water). These teachings 

are extrapolated from human and rodent data. In the dog, mounting evi 
dence suggests that increased energy requirements are not common in the 

sick, injured, or surgical dogs. 9 In fact, increased numbers of publications 


a 


s 


sick or traumatized dog. 11 Additionally, from an evolutionary perspective, 

it seems logical to expect the dog to preserve available energy' (water) with 
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Figure 13 

Estimating fluid requirements for the cat. The recommended formula is <30 x kg 
BW) + 70. 


E 


illness or injury. Tlie animal’s metabolic (water) reserves are already mini 
mal and it makes little sense to increase metabolic requirements to survive 
It makes more sense to conserve available energy :tnd to reduce metabolic 
(thus energy and water) requirements. Studies on dogs in a CCU unit have 

documented the presence of decreased energy requirements and significant 

hypothyroidism. 12 Thus, metabolic and water requirements are reduced. 

The decision to change the formulae for calculating water require 

incuts will only come with more objective evidence taken from normal and 

sick dogs and cats. This evidence is currently being collected. At present, 
the amount of fluid required for daily maintenance is calculated using the 

following formulae: 

Daily basal water requirement (rnL) or dogs 
Daily basal water requirement (rnL) for cats 




(30 X kg BW) + 70 
(30 X kg BW) + 70 


Example 13-2 


A 33'lb (15-kg) dog has had a persistent dianhea for 1 month. There 
is no vomiting and the animal continues to eat and drink. The patient is 
10% dehydrated. How much fluid should be given during the next 24 hours? 

Volume (mL) of fluid required = 

80% deficit volume maintenance volume 4- free-choice water 

[0.10 x 33 X 454 X 0.80] + [(15 X 30) + 70] + free choice water 

I ’ | [520] + free choice water 


1720 mL + free choice water 




[0.10 x 15 x 1000 x 0.80] + ((15 x 30) + 70] 

1720 mL 4- free choice water 
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These formulae do not induce diuresis. Thus, if you are dealing with 

acute or chronic renal failure, toxicities, and the like, where diuresis is indi- 

cated, you will need to increase “daily maintenance volumes” by a factor 

o tw< ► i >r three times. 


Example I3-i 


A 10-year-old, 5-kg (114b), domestic shorthaired cat is admitted with 
clinical signs of chronic renal failure and dehydration. Laboratory results 
are blood urea nitrogen (BUN) = 233 mg/dL, creatinine 

phosphorus = 10 mg/dL. You have corrected the deficit volume and would 

now like to induce diuresis to treat the azotemia. How much fluid should 

you administer over the next 24 hours 


9.8 mg/dL, and 


r 


Diuresis = 3 X maintenance volumes 

Diuresis 


3 X [(30 X kg) 4* 70| 
3 x [(30 x 5) + 70] 


660 mL 


or 


3 x 1(30 x 11/2.2) 4* 70] 


1 )i uresis 


660 ml 


As an alternative to simply multiplying maintenance volumes by 3, 

one may also use a technique called “ins and outs." This technique requires 

sou to replace volumes equal to the urine output. You will recall that daily 
maintenance is made up of insensible (not measured) and sensible (mea¬ 
sured) water. In most cases, urine will represent the sensible loss. The tech¬ 
nique is illustrated in the next example. 


Example 13-4 


A 10-year-old, 5-kg (11-lb), domestic shorthaired cat is being treated 

(or chronic renal failure. You have replaced the deficit volumes and are now 
faced with diuresing the cat to treat the azotemia. The urine output over 

the last 8 hours was 275 mL. How much fluid will you give over the next 

8 hours? 


sensible + insensible losses 


Sns and outs 

Insensible losses = {[(30 X kg) + 70]/3}/3 

where one third of maintenance 


insensible losses and 8 h is one third of the day 

urine output 

[[(30 X 3) + 701/3}/] + 275 mL (urine 

output over the last 8 h 

24.4 mL + 275 

2 U 9 mL over the next 8 h 


Sensible losses 

Ins and outs 


After the next 8 hours, remeasure the urine output and recalculate the 
ins and outs based on the new urine output. 
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The need to replace continuing abnormal losses is frequently over* 
looked. Failure to recognize vomiting, diarrhea, and polyuria as sources of 

continuing abnormal fluid loss will not allow full correction of deficits. It is 
impractical to suggest quantitation of each episode of vomiting or diarrhea. 
Occasionally, a urinary catheter or a metabolic cage is used to quantitate 

urine volumes (see Example 13-4). 

A crude but effective guideline for replacing continuing abnormal 
losses is to estimate the volume of fluid lost and then double this estimate. 

The result will be surprisingly close to the actual volume of vomitus, diar- 
rhea, or urine. 


Example 13-5 


A 3'montlvold 22Tb (10-kg) collie puppy has severe, protracted, acute 
diarrhea. The puppy has been given 20 mL/lb of fluids for shock (the volume 

used in treating shock is not counted when determining maintenance or 

deficit volumes) and is now ready for the deficit replacement phase of the 
fluid regimen. The puppy is assessed to be 7% dehydrated. Within the past 
few minutes the puppy has had a bout of diarrhea that is estimated to have 

a volume of 400 mL. How much fluid should be given during the next 24 

hours. 7 


Volume (mL 1 of fluid required = deficit volume 4- maintenance volume 

+ continuing losses volume 
Continuing losses - 2 X estimated volume lo^t 

= (0.07 x 22 x 454 x 0.80] 

+ [(10 x 30) + 701 + {400 X 21 
- |560! 4 [370] + [800] = 1730 mL 


or 


[0.07 x 10 x 1000 x 0.80) 

+ [(10 x 30) + 70) + [400 x 2J 
I560J+ 1370]+ [8001 = 1730 mL 






ik 


The last phase ot fluid therapy is the maintenance phase. At this point the pa¬ 
tient has received enough fluid to compensate for shock and has had a partial 

replacement of any deficit volume. Chronologically, this phase begins no sooner 

than 24 hours after fluids are begun. Objective signals that the patient is ready 
to be placed in the maintenance phase are an absence of clinical signs of shock 
or dehydration and an increase in the body weight by at least the percentage of 

dehydration already corrected, If your animal is losing body weight, you urc losing 
excessive water, or water requirements are greater than are being supplied, and 
you may need to recalculate your fluid volumes. 
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During the maintenance phase, you will he providing both maintenance 

volumes and continuing losses volumes. 

Maintenance phase 


daily maintenance volumes + continuing losses 


sflL Jl Jm ™ jL. ._ _^BL_ 
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When giving fluids, the rate of administration is determined first by the 
patient's initial status. If shock is present, the fluids must be administered rapidly. 
The use of a pressure bag allows fluids to be administered rapidly and in large 
volumes. 


In correcting deficits, the rate of administration is slower but often diffi¬ 
cult, because the animal is likely to be moving about in the cage, and thus the 

drip rate from the fluid container varies. Although a variety of fluid infusion sets 
are available, using the technique of counting drops to calculate infusion rates 
is risky in animals that are aw r ake. Sudden overhydration resulting from a drip 

rate that accelerated because a patient changed position is not an infrequent 
event. In small patients a calibrated Burette with a microdrip infusion set can 

be used. Although the problem of patient movement will not be solved, at least 
the possibility of inadvertently delivering a very large volume of fluid will be 

eliminated. 

Mechanical infusion pumps provide the most reliable and safest means for 

delivering accurate fluid volumes. These pumps can be programmed to deliver 
a broad range of volumes over specific time intervals. The cost of these pumps 

varies with their quality and the number of extra features. 


- I I -J I I* -If - I 






A variety of parenteral solutions are available. See Table 29-1 for the com¬ 
positions of the most commonly used solutions. The content of each solution 

determines the clinical situation in which it will he most useful. 






Because glucose is rapidly metabolized to carbon dioxide and water, the 
administration of dextrose is physiologically equivalent to administering distilled 
water. (Note: Distilled ware cannot 1 given IV because it will cause hemolysis.) 
Thus, the main indication for the use of dextrose in water is to provide free 

water to replace insensible losses or to correct hypernatremia resulting from a 
water deficit. When added to crystalloid solutions, D5W is also useful in provid¬ 
ing an intracellular carbohydrate source in patients with sepsis. Whenever dex¬ 
trose is given, it is quickly metabolized to water, and the water will redistribute 
to the 1CF and ECF spaces in volumes commensurate with the water volumes 

in each compartment. 

Dextrose in water should not be used as a maintenance fluid because it will 
lead to dilution of all electrolytes. For a patient in shock, D5W is not recom¬ 
mended as a replacement fluid; it will be metabolized quickly, and the water 
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generated will be distributed, for the mast part, to the ICF space and provide 

minimal expansion of the intravascular space. Administration of D5W subcuta- 

neously causes electrolyte movement into these tissues and leads to a decreases 
in circulating blood volume and shock. 




W Ti 


isotonic with plasma and contain 


“Crystalloids” refers to solutions that 
sodium as their major osmotically active particle. Crystalloid solutions such as 
Ringer’s lactate or 0.9% NaCl (physiologic saline) distribute evenly in the extra¬ 
cellular space when administered intravascularly. Only 25% of the administered 
crystalloid solution will remain in the intravascular space of the ECF compart¬ 
ment after 1 hour. Equilibrium within the ECF compartments occurs within 20 


UH 


to 30 minutes after infusion. 

Physiologic saline (0.9% NaCl) is often called “normal saline.” It contains 
“normal” levels of sodium ions (154 mEq/L) but abnormally high levels of chlo¬ 
ride ions (154 mEq/L) and is considered an isotonic fluid (310 mOsm/L). “Iso¬ 
tonic” implies that the fluid has the osmolality of the extracellular compartments 

(290-310 mOsm/L). Normal saline is used for acute extracellular volume expan¬ 
sion. It is useful as a replacement fluid in the treatment of hyperkalemia and in 

the treatment of hyponatremia as seen in hypoadrenocorticism. It should not be 

used in animals with congestive heart failure because sodium restriction is nor¬ 
mally part of that therapy. Physiologic saline is not generally used in animals 

with liver disease because of the potential for sodium overloading resulting from 

the animals’ inability to metabolize aldosterone. 

Half-strength saline (0.45% NaCl) is an excellent maintenance fluid. It is 

usually combined with dextrose (2.5%) and potassium chloride. The fluids used 

for maintenance fluids are meant to replace electrolytes normally lost each day. 
When insensible and sensible (urine) electrolytes are quantitated* an animal will 

normally lose 40 to 60 mEq/L sodium and 15 to 20 mEq/L potassium. If you 
continue to use replacement solutions such as Ringer's, 0.9% saline, Ringer's 

lactate, Normosol-R, or Ringer’s acetate, hypernatremia and increased urinary 

potassium losses (leading to hypokalemia) may result. 

In addition, 0.45% saline is the fluid of choice for animals predisposed to 

sodium retention and those with congestive heart failure or liver disease. Hyper¬ 
natremia is uncommon in the dog and cat. When the serum sodium does exceed 

156 mEq/L, either D5W or 0.45% NaCl with 2.5% dextrose is considered a 

preferred fluid. 

Hypertonic saline (3%, 5%, 7.5%) is considered a possible drug for the 
treatment of shock. The rationale for use of these solutions is that they induce 
rapid expansion of the ECF compartment, resulting in water movement from 
the ICF compartment to the ECF compartment. The drawback to this approach 
is an expansion of the interstitial space because of the rapid redistribution of 

crystalloid solutions. Also, intracellular dehydration that occurs may adversely 

affect cellular function. These fluids should only be given IV and should be 

administered slowly to avoid inducing pulmonary edema. 
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Ringers solution is a crystalloid replacement fluid. It is more of a balanced 

replacement solution than lactated Ringer’s solution (LRS). Because of the ionic 

concentrations, Ringer’s solution is often used as a replacement solution in cases 

of metabolic alkalosis. When the alkalosis is the result of vomiting from the 
upper gastrointestinal tract. Ringer’s solution supplemented with potassium chlo- 

ride is an excellent fluid. 

In diabetes mellitus, Ringers solution is a good fluid for replacement. Previ¬ 
ously, there was concern about the sodium and potassium content of Ringer s 

solution. With the polyuria of diabetes, significant sodium, potassium, and water 

losses must 1 e replaced. Following ionic replacement, one must consider the 

influence of sodium on the tonicity of the plasma. Because glucose also increases 
osmolality, there is the theoretical possibility of cerebral edema. Fortunately this 

does not appear to be an important clinical entity in animals. 

In diabetes mellitus, the initial plasma potassium levels are usually elevated 
as the result of a metabolic acidosis. Remember, potassium is predominantly an 
intracellular ion and, when elevated, it is usually the result of an exchange 
whereby hydrogen ions move intracellularly and potassium ions move into the 
plasma. As fluids and insulin are administered, potassium ions move intracellu¬ 
larly, revealing the true hypokalemia seen with diabetes. Thus, potassium chlo¬ 
ride usually is required. Before the patient’s electrolyte status is determined, the 
potassium in Ringer’s solution will be adequate and will not exacerbate the extra¬ 
cellular hyperkalemia. As insulin is administered, at least 20 mEq potassium 

chloride per liter should be added. 

Buttered crystalloid solutions include Normosol-R, which contains both 

acetate and gluconate, and solutions such as Ringers lactate. With either of 

these balanced electrolyte solutions, the buffer will supply bicarlx>nate. Lactate 

is metabolized by die liver to bicarbonate, and muscles and peripheral tissues 
metabolize acetate and gluconate to bicarbonate. Buffered crystalloid solutions 
are useful in the treatment of mild to moderately severe metabolic acidosis. 

Ringer’s lactate is not an ideal solution for dogs and cats. With a sodium 
concentration ot only 130 rnEq/L, it would be considered a moderately hypona- 
tremic solution. In additional, with an osmolality of 272, it is hypo-osmolar to 

plasma of the dog and cat. 

Normosol-R is a reasonably balanced electrolyte solution for dogs and 
cats. Its osmolality and pi I make it close to plasma and the presence of mag¬ 
nesium as a bivalent ion, may be useful in the treatment of critically ill dogs 

and cats where magnesium is now’ identified as the most common electrolyte 

disorder. 13 


Bicarbonate replacement is an issue of continuing controversy. All concede 

that fluid replacement will likely resolve most acidotic states. Also, empirical 
usage of sodium bicarbonate will usually overcorrect the acidosis. Bicarbonate 
administration is associated with movement of potassium into the cells; there¬ 
fore, potassium deficits must be corrected coincidenr with sodium bicarbonate 
therapy. Another risk associated with sodium bicarbonate administration is the 

resultant expansion of the i A F compartment because of the sodium concentra- 
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1. A bicarbonate concentration <5-7 mEq/L 

2. A blood PCOi that is not appropriately reduced, resulting in 

emia (in this circumstance, the focus should 

3. Failure to reduce add production with insulin or in the 

acid load (ethylene glycol intoxication) 


ere add¬ 
on improving ventilation) 

of another 




of significant hypotension with severe acidemia (cardiopulmonary 


n 






resuscitation) 


non. Other factors often mentioned as potential dangers of sodium bicarbonate 

therapy include a leftward shift of the oxyhemoglobin dissociation curve, which 
leads to decreased O 2 delivery to tissues. Also there may be a paradoxical CSF 
acidosis that compromises cerebral function as the pH of the CSF falls, as a result 
of rise in PCO* and rebound metabolic alkalosis. (It is unlikely a paradoxical 

CSF acidosis will result so long as the animal is ventilating normally.) Table 13-4 

lists indications for bicarbonate therapy in small animals. 

The quantity of bicarbonate to be replaced is calculated using the following 


formula: 


base deficit X 0.4 X [body weight (kg) | 


Bicarbonate deficit 

The error in using this formula comes in thinking you must correct the 
entire bicarbonate deficit with exogenous sodium bicarbonate. In most cases, 
crystalloid solutions are being administered concomitantly with sodium bicar' 

bonate; thus, administering the entire deficit causes the pH to increase and an 
iatrogenic metabolic alkalosis results. Instead of using normal bicarbonate levels 
to calculate the base deficit, the following formula should be used in the above 

equation: 


measured bicarbonate) 

This will avoid excessive bicarbonate replacement. In addition, continual 
bicarbonate monitoring is mandatory, and when the measured bicarbonate ap¬ 
proaches 12 mEq/L, administration of sodium bicarbonate is discontinued. Care 

must ; 'e taken when giving exogenous bicarbonate, be use it is very hypertonic 

(1500 mOsm/L) and rapid administration may lead to high levels of carbon 

dioxide in rhe coronary circulation and possible sudden death. 

Without question, the use of sodium bicarbonate in the treatment of the 
ketoacidosis of diabetes mellitus is risky. It is critical to remember that as insulin 

is given, the ketoacids undergo oxidative metabolism, with the end-products 
being water and carbon dioxide. Thus, exogenous sodium bicarbonate and insu¬ 
lin in the treatment of diabetes mellitus inevitably leads to an iatrogenic me ta¬ 
bulae a kalosis. 


Rase deficit 


(12 
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Colloid solutions include albumin, fresh-frozen plasma, whole blood, Oxyg- 
lobin, and synthetic colloids (hetastarch, pentastarch, dextran-40, and dextran- 
70). They act primarily to expand the plasma volume. The rationale for using 
colloid solutions is from the maldistribution of extracellular water, with relative 
expansion of the interstitial space water, in the face of a plasma volume defi¬ 
ciency with traumatic and septic shock. This maldistribution of interstitial space 

water will predispose the patient to pulmonary edema and acute respiratory dis¬ 
tress syndrome. 

With colloid solutions such as the dextrans, the molecules are distributed 

in the ECF compartment, mainly the intravascular space. The particle sizes 
of the various dextrans affect the duration of their presence within the intra¬ 
vascular space and therefore the duration of volume expansion. Dextran-40 
contains particles with molecular weights ranging from 10,000 to 80,000 D, 

and dexrran-70 contains particles with molecular weights of 40,000 to 

100,000 D. The half-life of particles with molecular weights of 14,000 to 

18,000 D is 15 minutes, whereas particles with molecular weights greater than 

55,000 D have half-lives of several days. As a general statement, only 20% of 

dextran-40 and 30% of dextran-70 remain in the circulation for more than 24 
hours. 


Indications for the dextrans include volume expansion and promotion of 

peripheral blood flow. Studies have shown dextran to improve survival and he¬ 
modynamic parameters in shock. The resultant volume expansion after the use 
of dextrans is at the expense of the intracellular water. For each gram of dextran, 
20 to 30 mL water is obligated to the intravascular volume expansion. When 
used for restoration of blood volume, dextrans are given at a rate of 1.54 g/kg/d 

for dextran-40 and 1.98 gm/kg/d for dextran-70. 

Plasma is another colloid solution and is underused by veterinarians. It is 
easy to collect and when frozen is considered stable for 2 to 5 years. Plasma 
contains important proteins (albumin and globulins), which may be useful in 
liver failure, hemodilution, and hypoproteinemia (as may be seen with chronic 

gastrointestinal diseases). An important use of fresh-frozen plasma is for specific 
or multiple clotting factor replacement. It is not used for the routine manage¬ 
ment of acute volume deficits when crystalloid solutions or commercial synthetic 

colloids work as well. The usual clinical dose of plasma is 5 to 10 mL/kg, Fresh- 

frozen plasma should be administered within 6 hours of thawing to obtain the 

maximum amount of clotting proteins. Compatibility should he evaluated when 

previous transfusions have been performed. 

Giving plasma as a protein source would require very large volumes to raise 
the intravascular protein concentration. For albumin the equation that accounts 
for equilibrium in the interstitium is: 


Albumin deficit (g) 


0 X (desired [albumin] (g/dL) 

— (patient [albumin] (g/dl)) X kg BW X 0.3 
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Example 13-6 


A 3-year-old dog, weighing 10 kg, has a serum albumin of 1.5 g/dL. 

Calculate how much plasma would he required to raise the albumin to 2.5 

g/dL 

Albumin deficit = 10 X (2.5 — 1.5) X (10 X 0.3) = 30 g 

This is equivalent to a liter of plasma (3 g/dL) or 2 liters of whole 


bloc 1! 


Whole blood is the colloid administered most commonly by veterinari¬ 
ans. It has the advantages of availability, ease of collection, and storage. The 
most common uses of whole blood are for anemia and severe hemodilution. 

Although anemic patients may not need the plasma portion, whole blood 

will cont inue to be used. Anemia is defined as a decrease in red blood cells. 
The use of packed red blood cells (where the plasma has been removed 

thereby concentrating the red blood cells) is the mast ogical means of 

stretching the usefulness of a unit of whole blood and providing needed 
blood components. 

A unit of whole blood contains approximately 450 mL red blood cells, 
plasma, white blood cells, and platelets. At the end of 8 hours of storage, 

very few platelets within the whole blood are hemostatically effective. 
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Potassium chloride is often added to parenteral fluids. Currently, there are 
no reports in available veterinary literature to estimate the magnitude of potas¬ 
sium losses. The recommended method of providing potassium chloride to paren¬ 
teral fluids depends on the measured serum potassium of the patient (Table 13- 
5), the mechanism by which the hypokalemia occurred, and the presence of 

cardiac or neuromuscular effects. Serum potassium levels above 2,5 mEq/L in 

asymptomatic animals can often be corrected with oral supplementation. The 

rate of potassium administration is restricted by two important factors: (1) If 

given too quickly or not properly mixed, 15 serum potassium increases to danger- 
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Fluid and Electrolyte Therapy I Chapter 13 


ously high concent rat ions and may lead to cardiac arrest, and (2) potassium 

chloride is a strong irritant, often leading to phlebitis. As a general rule, adminis- 
tration of potassium chloride should not exceed 0.5 mEq/kg/h although no re¬ 
cent literature substantiates this rate of administration. 

Parenteral solutions of MgCl z are used to treat hypomagnesemia. Currently, 
hypomagnesemia is defined as a sMg concentration of less than 1.89 mg/dL 

Hypomagnesemia is often seen concurrently with hyponatremia and hypoka¬ 
lemia. It is important in reperfusion injury, in refractory hypokalemia, hypophos¬ 
phatemia, and hypercalcemia. Supplementing crystalloid fluids is important in 
animals at risk for hypomagnesemia (ketoacidosis in diabetes mellitus, acute pan¬ 
creatitis, and chronic diarrheas). The rate of administration is 0.75 to 1.0 mEq/ 

kg/d and MgCh is added to the IV crystalloid fluids. Mg-containing fluids are 

incompatible with solutions containing calcium (do not add MgCh to Ringer’s 

or Ringer’s lactate solutions). 


in 


In selecting a fluid, it is important to know which electrolytes are lost and 

to institute replacement therapy based on knowledge of the pathophysiology of 
the disease. Table 13-6 provides an overview of electrolyte changes and replace¬ 
ment recommendations. 


1. Rubei: GL, Thill-Baharozian M, Hardie D, Carlson RW: Association ot hypomag¬ 
nesemia and mortality in acutely ill medical patients. Cm Care Med 21:203, 1993. 

2. Martin, LG, Wingfield, WE, Van Pelt, DR, Hackett, TB. Magnesium in the 1990’s: 

implications for veterinary critical care. ] Vet Emerg Cm Core 3:105, 19<)4, 

3. Touitou Y, Touitou C, Bogdan A, et al Serum magnesium circadian rhythm in 

human adults with respect to age, sex and mental status. CIm Chcm Acta 87:35, 

1978. 

4. Garvey MS: Fluid and electrolyte balance in critical patients. Vet C/in North Am 

Small Anim Pract 19:1021, 1989. 

Burkholder WJ: Metabolic rates and nutrient requirements of sick dogs and cats .) 

Am Vet Med Assoc 206:614, 1995. 

6. KrontelJ DS: Protein and energy estimates for hospitalized dogs and cats. Proceed¬ 
ings of the Purina international Nutrition Symposium, January 15, 1991, Orlando, 

FL, p 5. 

7. Nutritional Requirements of the Dog. Bethesda, MD: National Research Council, 

1985. 

8. Wingfield WE: Fluids and electrolytes. Fluid Therapy Symposium. Eastern States 

Conference, January 18, 1990, p 1. 

9. Ogilvie GK, Salman MD, Kesel ML, et al.: Effect of anesthesia and surgery on energy 

expenditure determined by indirect calorimetry in dogs with malignant and non ma¬ 
lignant conditions. Am J Vet Res 57:1321, 1996. 

10. Walters LM, Ogilvie GK, Salman MD, et al.: Repeatability of energy expenditure 

measurements in clinically normal dogs by use <<t indirect calorimetry. Am J Vet 

Res 54:1881, 1993. 
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6:71, 1996. 
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canine intensive care patients. J Vet EmergCrit Care 5:17, 1995. 
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tration in a cat. J Am Vet Med Assoc 206:1565, 1995. 


13 


Copyrighted material 


The intent of this chapter is not to discuss why or when a blood transfu- 

sion may be indicated. The goal of this chapter is to address issues and steps 
required to ensure that ones choice of blood product(s) will afford the maxt' 
mum benefit and pt>se the minimum risk to the patient. Methods of Mr J 
collection and techniques of component preparation and administration are de¬ 
scribed. 




k 


The antigenic nature of erythrocytes poses the greatest risk to patients in transfu¬ 
sion therapy. The red blood cell (RBC) membrane is coated with proteins and 

complex carbohydrates that can be antigenic. Some of these antigens are present 
on the RBCs of all members of a particular species. However, others are allogenic; 

that is, they are genetically divergent and are present on the erythrocytes of 
several but not all members of that species. 1 This is the basis for different blood 
types within a species. 

If a patient receives a transfusion of RBCs that possess an antigen that the 
patient's own RBCs do not carry, those “foreign” RBCs will be recognized as 

“non-self” and antibody production in the recipient will be stimulated. Antibod¬ 
ies attack the “foreign” infused RBCs by attaching to them at the antigenic site. 
Erythrocytes with an antibody attached may agglutinate (stick together) and be 

removed by macrophages in the spleen and liver. 1 This is termed extravascular 

hemolysis and is usually ;» delayed reaction. 

If the reaction is severe enough due to the presence of preformed alloanti- 
bodies in the recipient, or if the antibody is a strong hemolysin, complement 

may be activated. Complement fixation causes perforations in the RBC mem¬ 
brane, fluid passes into the cell, and the cell is ruptured (lysis). If this occurs in 
the vasculature, it is termed intravascular hemolysis. This type of reaction is 
usually an immediate transfusion reaction and can be life-threatening. 
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Eight different blood groups have been defined in the canine, but for practi¬ 
cal clinical situations, dogs are termed either A negative (A ) or A positive 
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(A*). This nomenclature refers to the Dog Erythrocyte Antigen-1 (DEA-1) locus 

on the canine RBC. DEA' 1 is a three-allele system in which dogs can be either 

DEA- 1.1 positive, DEA-1.2 positive, or negative for both (termed DEA-1 nega¬ 
tive or A ). 




Dogs that are 1 >EA-1.1 and DEA-1.2 negative do not possess an antigen 
at those sites. In the absence of antigenic stimuli, canine recipients of A’ blood 
will not form anti 


i 


ies to those D 's. For this reason A donors have been 




termed “universal” donors. Ideally, a true “universal” donor should be negative 

for DEA-7, but controversy exists as to whether the anti-DEA-7 antibody can 

cause a clinically significant reaction. 

The A * dogs are those whose erythrocytes do possess an antigen at either 

the 1.1 or 1.2 locus. 1 A^ donors can safely donate blood to recipients that are 

also positive tor DEA-I.l because those RBCs will be recognized as "self."* The 

problem arises when an A' dog is transfused with A* blood. Formation of an 
antibody in the A" recipient will occur and may result in a delayed transfusion 
reaction with premature destruction of transfused erythrocytes and a severe he¬ 
molytic reaction on subsequent transfusions if the same mismatch occurs. 

Blot>d typing cards for the DEA-1 locus are readily available and affordable. 


S 


1,5 7 


Dogs that are A', patient - likely to receive multiple transfusions over time, 

or any patient for which the blood type is unknown should only receive A 
“universal” bl< 


•*Fortunately, because dogs are not bom with clinically signiti 
ies. a mismatch of blood on a first-time transfusion will he tern 




cant alloanti 

porarily safe but puts the patient at grave risk for future transfusion reactions 
after 7 to 10 days if the same mismatch occurs. 
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Cats have three blood types: A, R, and AB (which is very rare). More than 

90% of domestic short hair (DSH) and domestic long hair (DLH) cats in the 

United States are blood type A; however, the incidence of blood type B in the 

l SH and DL11 cats varies geographically from state to state. 18 Seven of 94 DSH 
cats presented to Colorado State University for transfusion were type B cats. 

Additionally, the incidence of type B increases up to 45% in some purebred 

lines. 1 ® To make matters worse, type B cats are bom with a strong naturally 

occurring preformed anti-A antibody; therefore, a severe life-threatening hemo¬ 
lytic transfusion reaction will occur on a first-time transfusion if a type B cat 

receives type A blood. 3 8 Only 30% of type A cats have naturally occurring anti- 

B anti 


which are weak and do not cause a lite-threatening reaction but 
may shorten RBC life span. 1 * 3 ! able 14-1 summarizes the effect of various donor/ 
recipient combinations on erythrocyte life span. 
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Blood typing cards are an extremely useful tool in canine and feline transfusion 

therapy. An understanding of their role and limitations will aid in clinical appli¬ 
cation. 
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Canine blood typing cards test solely for the DEA-1.1 antigen. For this 

reason, these cards are suitable for typing recipients and for identifying A* do* 

nors. However, they should be used only as a preliminary screening test for A - 

universal’ 1 donors. 9 

It a recipient tests strongly positive, that patient can safely receive either 

A* or A" blood. If a recipient tests negative, the animal should only receive A' 
universal" blood. If, however you are typing a dog as a potential donor, a nega¬ 
tive result signifies only Mat the donor is negative at DEA-1.1; the status of 

not known, which could potentially sensitize A recipients. *1 rese 

donors should be screened further for the DEA-1.1 and DEA-7 locus (Table 
A* 2). A "universal" donor is a valuable asset to a veterinary clinic and the 
canine community 

Because agglutination on a typing card signifies a positive result, dogs that 
are autoagglutinators (IMHA) may show a false-positive result. For this reason 
canine recipients with autoimmune hemolytic anemia should only receive "uni¬ 
versal" blood. 
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Cat blood tvping cards are more specific and the results are unmistakable. 

Agglutination at the anti-A site denotes an A blood type cat. Agglutination at 
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Suitable 
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DEA-1.1 A 


A' or A 
A universal donor* 




1.1 A 
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Suitable 


Donor 

DEA-1 1 A* 

DEA-1 1 A- 

(This dog could be a universal donor but further 

screening is necessary). 
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A* 


A 
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As determined by a complete blood typing. 
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the anti'B site denotes a B blood type cat. Agglutination at both sites may signify 
the rare AB type, but more than likely the patient is autoagglutinating as a 

sequela of disease. 
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Crossmatching is the process by which the compatibility of recipient and donor 
blood is assessed. It is useful in dogs that have received a prior transfusion and 
in cats on the first transfusion. 
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There are two types of crossmatching, major and minor. A major cross* 
match, as the name implies, is the most clinically important information for 
predicting compatibility. Washed donor erythrocytes are mixed with recipient 
plasma. A minor crossmatch uses washed recipient erythrocytes and the donor's 
plasma. Incompatibility is signaled by agglutination of the I / -s. 

Because dogs have such a low incidence of clinically important, naturally 

occurring preformed antibodies, the major crossmatch between dogs that have 

never received a prior transfusion should be compatible. 5,7 These patients should 

be card typed insteac and a crossmatch may be an exercise in futility. 

Cats are h m with strong preformed alloantibodies; therefore, a crossmatch 

of incompatible blood (i.e., A—» B or B —►A) prior to a first*time transfusion will 

show unmistakable agglutination at either the major or the minor crossmatch 
(respectively), and is a useful clinical tool although more time consuming than 
card typing.* Both canine and feline patients that have received a previous trans* 
fusion should be crossmatched if time allows. 

Because agglutination is the end*point of crossmatching, it may be difficult 

to interpret the te>ults of a crossmatch in samples of dogs and cats that have 
erythrocyte autoagglutination. 




2 . 6.9 








.ia 


Jflhk 


In keeping with the goal of maximum benefit and minimum risk, attention 
should be directed toward appropriate product selection. Three considerations 
are of primary concern: 


The choice of RBC product, that is, packed red blood cells (PRBCs) versus 

whole blood 

2. The age of the RBC product 

3. Whether or not coagulation factors will need to be supplemented 




Transfusion requirements are based on the clinical status of the patient, the type 

of anemia present, and the underlying cause of disease. 

A quick and practical method of product selection is to address the follow* 

ing questions: 
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Who e blood or PRBCs 


Acute 

Chronic 

^ —~ ~ 1 

Blood loss 

Hemolysis 

Regenerative 

Nonregenerative 

Normal hemostasis 

Coagulopathy 


C$ 


mi 
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Stored blood products 

Blood product <5 d old 

Stored blood products 

Blood product <5 d old 

Whole blood or PRBCs* 

Whole blood and/or FFP 


PRBCs do not contain clotting factors. PRBCs, 


eked red blood cells; FFP, fresh-frozen plasma. 




Is this anemia an acute or chronic condition? If anemia is acute, either whole 
Mood or PRBCs are appropriate. If anemia is chronic, PRBCs are the wiser 

choice to avoid circulatory overload in a cardiac compensated patient. 

Is this anemia the result of blood loss or RM destruction? If anemia is the 

result of hemolysis, the age of the transfused RBCs becomes important. The 

oldest cells in the donor's blood will he most susceptible to hemolysis. 1 * A 
fresh unit of blood or a unit that is less than 5 days old will have a higher 
percentage of young RBCs, which have a better chance of surviving hemol¬ 
ysis. 

Is this anemia regenerative or nonregenerative? If >ne marrow depression 
is suspected a unit of blood less than 1 days old is indicated, again because 

it will contain a larger percentage of young RBCs. RBC life spans and trans¬ 
fusion viability will be prolonged. 

4. Is the hemostatic system functional in the patient? Platelet transfusions are 

impractical in veterinary medicine, but if a coagulapathy is present in the 
patient, whole blood or fresh- frozen plasma (FFP) can provide stabile or 
labile clotting factors 610 (Table 14-3). 
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The two most common anticoagulants used are citrate-phosphate-dextrose- 

adenine (CPDA-1) and acid-citrate-dextrose (ACD). CPDA-1 results in the 

longest blood shelf life at 35 days. ACD will allow blood to be stored up to 21 
days. Approximately 1 mL citrate anticoagulant is used per 7 mL blood collected 
from a dog or a cat. 
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Chemical Restraint: Greyhounds usually do not require chemical restraint. 

Non-greyhounds can receive a standard dose of atropine sulfate SQ and 2 mg 
butorphanol IV/dog. 
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Procedure: 


When collecting blood for storage, absolute aseptic technique must be used 
and air should not be allowed to enter the collection bag. 

2. When collecting blood for storage, the ratio of blood to anticoagulant must 

be exact: specifically 450 mL Hood 

anticoagulant (CPDA-1) to ensure maximum cell viability. 11 A triple beam 

balance or gram scale should be used and collection ended when the total 
weight of the blood, bag, and anticoagulant equals approximately 537 g. 


1 


10% (i.e., 405-495 mL) per 63 mL 


450 n lL blood = 4v g 
63 mL CPDA = 63 g 

Collection bag = 24 g 


537 g 


The jugular vein is clipped and surgically prepared. Blood is collected by 

gravity flow into a standard 450-mL CPDA-1 blood collection bag to the appro- 

priate volume. The bag is rocked gently during collection to ensure adequate 

mixing of the Hood and anticoagulant. 

To prevent air from entering the blood bag, the collection line should be 

cleared of air by turning the bag upside down, removing the needle cover, and 

allowing a few drops of anticoagulant to exit the needle. The collection line is 
then immediately clamped and not released until the venipuncture has been 

accomplished. 

If less than a full unit of blood is desired, an appropriate volume of anticoag¬ 
ulant must he removed from the hag prior to collection to avoid citrate toxicity 
in the recipient. 11 For example, if only one half of a unit is to be drawn, discard 
one half of the anticoagulant. 


it 


x h of 450 mL of blood : 
V 2 of 65 mL of 1 TDA-1 


225 mL 

= 31 mL 


At the end of collection, the line should be clamped or tied off before 

removing the needle from the vein, because air will enter the bag before all the 
blood has cleared the walls of the line. After the collection line is tied, the blood 

left in the line is “stripped” using a tube stripper, allowing the blood remaining 

in the line to mix with the anticoagulant in the bag and then return to the line. 
The line is then tied or clipped in segments for use in future crossmatches. 
Note: If your collection method is less than ideal, the storage time should be 

shortened to 4 hours. 
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Chemical Restraint: Cats are routinely sedated with 20 mg ketamine HC1 


I V/cat. 
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Procedure: The jugular vein is clipped and surgically prepared. Blood is collected 

in a 60-mL syringe containing 7 mL ACD or CPDA-1. The maximum quantity 

of blood to be withdrawn from a donor cat at one time is 53 mL. This method 

provides only fresh, whole blood, which should be administered within 24 hours. 








A method of collection of cat blood h>r storage in a closed system h.is been 

developed at Tufts University. A standard 450-mL CPDA-1 collection bag is 

used. All the anticoagulant is rolled out of the collection bag into the satellite 
bag and the line between the two is clamped, leaving only CPDA-1 in the collec¬ 
tion line. The volume in the line is 8 mL, enough for a 53-mL unit of feline 

blood. 611 It is imperative that a digital scale be used for collection and that collec¬ 
tion is stopped at S l 


53 mi feline biocn: = 53 g 

8 mL CPDA-1 

Collection bag = 14 


8 g 


85 g 
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To prepare PRBCs a closed collection bag system with one to three satellite bags 
is required. Some of these systems contain an RBC nutrient solution in one of 

the satellite bags. These solutions are termed RBC extenders because they 

lengthen the shelf life of the iURCs from 3! days to 42 days 


The RBCs may be separated by sedimentation, which is more practical or 
private practice, but usually are centrifuged at 5000g for 5 minutes at 6°C 

(42.8°F). After centrifugation, the outflow seal is broken and the plasma is ex¬ 
pressed from the blood bag using a plasma extractor. 7,11 The plasma is allowed 

to flow into the satellite bag until the white blood cell huffy coat reaches the 

comers of the original bag (approximately 1 inch from the top). If an RBC 
extender is being used, all the plasma is removed. The valve to the satellite bag 

containing the RBC nutrient is opened and the packed cells are immediately 
reconstituted with nutrient solution. Tie or seal the tubing in at least three places 
before cutting the tubing to separate the bags. 

If an RBC nutrient is not being added, then it is important that some plasma 
remain to nourish the erythrocytes. Removal of approximately 150 mL plasma 

from a unit of greyhound blood and up to 250 mL plasma from a non-greyhound 
unit of blood will result in the PRBCs having a packed cell volume (PCV) of 

70% to 80% (for dogs living at an altitude of 5000 feet). A PCV exceeding 80% 

will increase RBC fragility and may cause hemoglobinuria in the recipient. 12 

The PRBCs are stored at 1° to 6°C (33.8°-42.8°F) and have a shelf life of 

35 days in CPDA-1. Frequent mixing is recommended because it helps maintain 
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Plasma that is taken off the RBCs within 3*4 h 
andl used within 6 h, vWF, factor VIII, vitamin 
K dependent factors, AT lll. u * 10 

Plasma that has been refrigerated at 1°-6°C (33.8 
42 8 F) for up to 35 d (using CPDA-1); but has re¬ 
duced clotting factors. 

Fresh-frozen plasma (FFP) Plasma frozen at -70 t <-148.4°F) within 6 h of col¬ 
lection; optimal clotting factors; may be stored up to 

1 y; should be used within 2 h of thawing. vWF, VIII 

j vitamin K-dependent factors, AT 111. 

Plasma frozen >6 h after collection or FFP that is 

>1 y old; may be stored up to 5 d following thaw 

mg. Vitamin K-dependent factors 


Fresh plasma (FP) 


Stored plasma (SP) 




i.M.to 


F 






Frozen plasma (FzP) 


1 Ml W 


adenosine triphosphate (ATP), glucose concentrations in the erythrocyte micro** 

and 2,3-diphosphoglycerate (DPG) concentrations within the 




environment 

RBC 




* 


Administration of PRBCs requires dilution with 0.9% sodium chloride 
(NaCI) to the volume desired. Do not use lactated Ringer’s solution, Normosol, 

or 5% dextrose in water (D5W) for reconstitution. 10 If an RBC extender has 
been added, further dilution is not required 
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Plasma is prepared in the above manner. The bag(s) containing plasma are 

usually frozen for future administration. The types of plasma available are listed 

in Table 14-4 
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The preparation and storage of platelets requires special consideration. Spe 


cifically: 


leparin should not be used as the anticoagulant. 

Blood must be collected in latex-free plastic bags 
If platelet-rich plasma (PRP) is desired, the whole blood must be centrifuged 
at room temperature (25°C [77°F]). Refrigeration will cause platelet dysfunc- 

4.6,10 12 




4 . 




2 . 


f 1 




3. 


t ion. 

4. A recipients should receive platelets from A“ donors to avoid sensitiza 

tion. 

Fresh whole blood or PRP should be stored at room temperature, kept on 

a rocker, and administered within 4 hours and 24 hours of collection, respec- 
tively, u platelet function is to he optimal. 

6. PRP is prepared by centrifugation of fresh whole blood at 2000g for 3 min¬ 
utes. The plasma is then expressed into the satellite bag until the RBC layer 

is entered. 
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7. For platelet concentrates, a collection bag with two satellite bags is required. 

PRP is centrifuged an additional 5 minutes at 400Qg. All but 50 mL of the 

plasma is expressed into the second satellite bag. The remaining 50 mL is 

the platelet concentration. 
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Because a transfusion with any blood product carries some risk to the patient 
and expense to the owner, it is best to replace only the specific component(s) 
indicated. This practice will reduce transfusion reactions and decrease the de- 

mand on the hospital bit I bank. 
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There is less chance of circulatory overload with 

PRBCs than with whole blood. Whole blood contains approximately 250 mL 

plasma. This is an unnecessary volume load for a patient with cardiac compro- 

raise. Use of 10 mL PRBCs/kg will raise the PCV by 10% versus 20 mL whole 

bit >d/k for the same result. Therefore, the same end-point is obtained in ap¬ 
proximately half the volume 
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Cardiac hypertrophy or dilation and increased cardiac out¬ 
put secondary to chronic anemia can result in circulatory overload following a 
transfusion. Patients with chronic anemia should receive a slow infusion of 

6.9.10 
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PRBCs and not whole blood. 


Although whole bhxxl may be used to replace losses 

due to hemorrhage, PRBCs may be a better alternative. PRBCs play a role in 

increasing circulating plasma volume by movement of interstitial fluid into the 

vascular space. The PCV of PRBCs is near 80%; however, 0.9% NaCl is added 

to achieve a more rapid flow rate. 
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PRBCs nave less ammonia, adenine, citrate, and sodium when 
compared to whole blood and are therefore preferred in patients with liver dis¬ 
ease 
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Allergies 




Patients who have 

become sensitized to plasma histocompatibility antigens should only receive 

PRBCs or, ideally, “washed” PRBCs. 
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Patients who 

need RBCs as well as clotting factors due to severe liver disease, disseminated 
intravascular coagulation (DIG), or the dilutional effect of massive transfusion 

may be candidates for whole blood with a short storage time. 

Because of the potential for increased ammonia 

concentrations in stored blood, patients with hepatoencephalopathy that need 

RRCs should receive RPC products with short storage times. 
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Storage decreases er throcyte viability and survival once 
they are transfused. 1 Therefore, patients with immune-mediated hemolytic ane- 

mia should receive RBCs or whole blood with short (<5 days) storage times to 

give them the most benefit from the transfusion. 6 9 These RBCs will be destroyed 
at the same rate as the patient’s own RBCs. 1 
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Patients with von X illebrand’s disease, congenital coagulop- 
athies such as hemophilia A, or severe warfarin toxicity will benefit from the 

use of FFP. FFP contains the stable vitamin K-dependent factors (II, VII, IX 
and X) as well as factors and VIII and vWF. 4A9,l ° 

In addition to coagulation factors, FFP contains antithrombin Ill (AT 

III), an inhibitor of coagulation. Heparin therapy : as been advocated to prevent 
thromboembolism, but AT III is required for heparin to function as an anticoagu- 

lant. 
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After transfusion with multiple units of PRBCs or 
stored whole bl d, clotting factors may become depleted. Clotting factors can 

W replaced with Ft l 
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Frozen plasma is more practical for private practice than FFP. It can be 
separated from the RBCs by sedimentation, frozen at — 20°C (—4°F), and stored 

for up to 5 years 
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Tozen plasma contains the stable vitamin K-dependent 
clotting factors and can be used to treat severe warfarin toxicity. 
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Patients with liver disease have impaired vitamin K utiliza¬ 
tion. Frozen plasma is indicated when bleeding is present in these individuals 
or immediately before a liver biopsy if bleeding is expected. 
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Frozen plasma is indicated in patients with acute plasma losses 










in severe bod. surface bums. 
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Platelet transfusions may be impractical in veterinary medicine due to the 

difficulty in acquiring adequate numbers of platelets and their short storage time. 

I heir 




not enough platelets in 1 U canine blood to functionally raise the 
platelet count in a thrombocytopenic dog except in the very small patient. Hu¬ 
man platelet concentrates contain the platelets from 6 to 10 U blood. 10 Without 
a cell separator, the veterinarian would need to draw a unit ot blood from three 

ro four dogs to functionally treat one standard size dog. In most cases of thrombo- 

cytopenia, in which the platelets are >eing destroyed by an immune-mediated 
mechanism, the transfused platelets will be rapidly destroyed as well. Platelet 
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transfusions may also be ineffective in cases of splenomegaly, sepsis, DIC, and 
hypothermia. 4 ’* 1 The time and expense involved in pl atelet preparation may be 
justified in the treatment of very small Jogs with thrombocytopenia. T1 e amount 

of platelets contained in 1 U of PRP or platelet concentrate given to a 15-lb 
Jog would be the equivalent of transfusing a 60-lb dog with 4 U. In small pa¬ 
tients, volume overload must be taken into consideration. Therefore, platelet 

concentrates are preferred to PRP. 


m : ft i j m m : 


Blood components should be delivered through hi >1 administration filters with 

a pore size of 170 pm. Nonlatex filters should be used for platelet transfusions. A 
40-pm microfilter should be used in autotransfusions to remove microemboli. 

Blood components should never be mixed with or transfused through lines 

containing fluid other than 0.9% NaCl. Lactated Ringer’s, Normosol, D5W, and 
hypotonic NaCl are contraindicated. 

Red blood cells are generally given in terms of units, that is, one third, one 

half, 1 or 2 U, to effect but an initial starting dose is 20 mL/kg for whole blood 

or 10 mL/kg of PRBCs, 6 

Plasma, when given for the purpose of replacing clotting factors, can be 
administered at a dose of 5 to 20 mL/kg initially. When plasma is necessary for 
providing clotting factors prior to surgery, it must be given within the hour pre¬ 
ceding surgery or during the surgery 

Intravenous administration is the preferred route, but if IV catheterization 

is difficult, whole blood and PRBCs can be given via intraosseous transfusion. 

Patients that 


6 , 15 


6,7,10.13 


MO 


severely anemic (Pc Vs c t 12 or below) will ttcquently 

arrest if IV catheterization is difficult or stressful. For this reason, jugular catheter¬ 
ization may be contraindicated. 

Frequently cats will present with a PCV of 10 or below. One should 

draw blood from the donor first, have it on site, and perhaps administer at least 

half the unit via butterfly catheter, before stressing the cat for permanent cathe- 


nc«j 


terization. 

The rate of administration depends somewhat on the patient and the reason 

for transfusion. If possible, the hhx>d should he administered slowly over the first 

30 minutes to allow the patient to be assessed for transfiision reactions. If no 
reactions are noted, the rate may be increased such that the transfiision is finished 
within 4 hours. 9 In life-threatening situations of massive hemorrhage, blood can 
be infuse I as quickly a> possible. Transfusions should be completed within 4 

hours. After that, the unit is considered contaminated by bacteria. 

It is not necessary to warm stored RRCs prior to administration except in 

cases of rapid infusion. Warming RBCs at temperatures in excess of 38°C 

(1C0.4°F) will cause lysis and may cause intravascular hemolysis in the patient. 

Placing the coils ot the administration set tubing in a bow l of warm water w ith 

a thermometer, to ensure that the temperature does not exceed 38°C (100.4' P), 

may l>e a safe method of warming a transfusion but only if it is necessary. 
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Transfusion reactions can be classified as hemolytic versus nonhemolytic, inv 
mune-mediated versus nonimmunologic, or immediate versus delayed. However 
because clinical signs in the initial stages of a transfusion reaction can overlap 
etiologies, it is necessary to differentiate between them so that timely therapy 
can be instituted. 5Ae 
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An immune-mediated intravascular hemolytic transfusion due to incompat¬ 
ible erythrocytes can be life-threatening. Initial signs include fever, restlessness, 
tachycardia, urticardia, and vomiting, progressing to hypotension, shock, D1C, 

and potentially acute renal failure. Hemoglobinemia and hemoglobinuria occur 
immediately 

stopped. A sample of hlo 1 from the recipient and the donor blood bag should 
be obtained and spun down to check for hemoglobinemia. If hemolysis is evident 
in the recipient sample and not in the transfusion sample, immune-mediated 

hemolysis is most likely occurring. A crossmatch should confirm incompatibility. 

Fortunately, acute immune-mediated aemolytic reactions in the dog are very 

rare due to a paucity of naturally occurring preformed antibodies in the canine 
population. 5 Therapy should be instituted relative to the patient’s status. 


At the first sign ot a reaction, the transfusion should be 
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More common is an acute hemolytic crisis clue to nonimmunologic causes. 
These can include out-of-date units with hemolyzed RBCs, overheating of blood 
products, diluting of Mood products with hyperosmotic solutions, mechanical 
trauma due to infusion under pressure, or RFC products with a PCV exceeding 
80%. lA, ° Signs include fever, restlessness, tachycardia, vomiting, hemoglobine¬ 
mia, and hemoglobinuria. Samples of blood from both the patient and the trans¬ 
fusion should be checked for hemolysis. If hemolysis is evident in the transfusion 
sample, it indicates that the patient has been transfused with hemolyzed blood 
which carries a better prognosis for the recipient. A crossmatch with a fresh 
sample of bio rom the donor should be performed to confirm compatibility. 
Therapy should be geared toward clinical signs. A crossmatch wit a another notv 
hemolyzed unit of blood should be performed and a transfusion begun again if 
necessary. 
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A delayed immune-mediated hemolysis can occur in patients that have 
been previously sensitized to incompatible RRCs due to a low level of circulating 

antibodies. A second exposure triggers a response and antibody production in¬ 
creases. Additionally, a patient can become sensitized following a first-time trans¬ 
fusion with premature destruction of transfused erythrocytes. 6 Delayed reactions 
can occur 2 days to 2 weeks after transfusion. 6,10 The hallmark of a delayed reac- 


Copyrighted material 



Transfusion Medicine C 








I 


.jd 


non is an unexpected drop in the PCV. Icterus and bilirubinuria may be present. 
A positive Coombs test will confirm antibody-coated erythrocytes. 
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Sensitivity to foreign plasma proteins can cause fever, urticaria, facial 
edema, vomiting, and diarrhea. These reactions are usually mild and not dose 

related. 10 Most patients respond to the administration of antihistamines. If the 

symptoms subside, the transfusion can be continues 
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Inf usion of a unit of blood with bacterial contamination carries a grave prognosis 
for the recipient. Symptoms include fever, shock, and sepsis. 10 A sample of blood 
from the unit should be submitted for culture, but a quicker diagnosis may be 
obtained by microscopic examination of the transfused blood for the presence 
of bacteria. 
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Lack of adequate caloric intake shifts the body’s neurohumoral mediators so that 
the balance between analx>lism and catabolism is tipped in favor of catabolism, 
rhis response to inadequate calories is necessary in order to preserve plasma 
concentrations of nutrients to supply energy for normal cell function. As a conse¬ 
quence, body weight and, in particular, lean muscle mass and normal organ struc¬ 
ture may be compromised because of the need for amino acids to be used as an 
alternate energy source for the body. Two types of starvation have been recog¬ 
nized. Simple starvation is a lack of adequate calories and protein, whereas stress 
starvation is a consequence of systemic inflammation and physiologic stress (criti¬ 
cal illness and injury) concurrent with a lack of adequate calories and protein. 

Interestingly, supplying adequate calories and protein does not always correct 

the loss of lean body mass characteristic of stress starvation. 


In animals without injury or illness, several metabolic adaptations result 

from the lack of nutrient intake. 1 During the postabsorptive phase, the insulin 

concentration lowers and the glucagon concentration rises, allowing an increase 

in hepatic glycogenolysis to support euglycemia and triglyceride breakdown from 
adipose tissue. With continued nutrient restriction, glycogen stores are depleted 

within 12 to 24 hours and the glucocorticoid concentration rises to support meta¬ 
bolic adaptations to prolonged calorie restriction. Glucocorticoids facilitate pro¬ 
tein catabolism with consequent release of free amino acids from muscular tissue. 
The amino acids, particularly alanine and glutamine, serve as substrate for gluco- 

neogenesis by the liver in early starvation) and kidneys (in later starvation). 

In addition, plasma catecholamines in conjunction with glucocorticoids and glu¬ 
cagon, activate hormone sensitive lipase within adipocytes to release free fatty 
acids. W'ith prolonged starvation, the lipolytic response becomes more pro¬ 
nounced, allowing for protein “sparing.** This occurs by induction of hepatic 
enzymes necessary for the production of ketone bodies from free fatty acids. Or¬ 
gans that are usually obligate glucose users, such as the central nervous system, 

adapt to using ketone bodies for up to 50% of caloric needs. A balance is main¬ 
tained between protein and fat catabolism to prevent large fluctuations in bh 
pH and to preserve the integrity of protein-based structures. 
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In addition to the “balanced” catabolism described, a second adaptation of 

starvation during the short term is a lowering of the metabolic rate because of 

diminished production of thyroid hormone and diminished conversion of thyrox¬ 
ine (T 4 ) to the active triiodothyronine (Tj ). 1 As a consequence, energy stores 
and protein are conserv ed for a longer period of time. A longer adaptation to 

simple starvation includes a reduction in the leptin concentration. 2 Leptin is a 
hormone produced by adipocytes, with the plasma concentration directly corre¬ 
sponding to whole body adipocyte mass. As adipocyte mass is reduced in starva¬ 
tion, the plasma leptin concentration falls. A low leptin concentration leads to 

greater production of neuropeptide Y in the arcuate nucleus of the hypothalamus. 

Neuropeptide Y directly increases the appetite at a hypothalamic site, increases 

the activity of lipoprotein lipase (increases storage of fat in adipocytes), and 

increases corticosteroid synthesis. Neuropeptide Y essentially primes the body 

for reversal of starvation (increased appetite and adipiKyte sensitivity for storage) 
and contributes to the adaptation to starvation by the mobilization of stored 

nutrients by stimulation of corticosteroid production. 

1 lie provision of calories and protein reverses the above processes by restor¬ 
ing glycogen, adipose stores, and anabolism allow ing a return to normal cell and 
organ structure and function. 


The physiologic stress associated with severe illness or injury often leads to 
a pronounced catabolic stare characterized by hypermetabolism that is com¬ 
pounded by patients that are unable or unwilling to eat. ] Although fatty acids 

are the primary source of energy in fully adaptive simple starvation, protein 

breakdown becomes much more pronounced in the face of the hypermetabolism 
associated with severe illness or injury. This response is caused by inflammatory 

cytokines, such as tumor necrosis factor and interleukins, which augment the 
effects of catecholamines and glucocorticoids associated with stress.* In addition, 
inflammatory cytokines may increase the metabolic rate by instigating mitochon¬ 
drial dysfunction and, therefore, contribute to inefficient use of oxygen and calo¬ 
ries/ Inflammatory mediators may also directly regulate or suppress the bo dy’s 

normal responses to starvation by inhibiting signals for body weight control (in¬ 
cluding appetite). 2 This process is 

sion of adequate protein or calories. 


not necessarily reversed by the simple provi 


The effects of starvation are well documented, both clinically and experi¬ 
mentally/ Negative energy balance leads to depletion of glycogen stores, skeletal 

and smooth muscle weakness, gastrointestinal ileus, disruption of the gastrointes¬ 
tinal harrier, and decreases in high turnover cell populations such as leukocytes, 

gastrointestinal mucosal cells, fibroblasts, and other cells involved in wound 
healing. Negative nitrogen balance leads to deficiencies in nonspecific and spe¬ 
cific immune function, gut mucosal atrophy, loss of visceral and muscular protein 
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with consequent weakness and abnormal function, decreases in albumin, fibrin¬ 
ogen, complement proteins and globulins, and poor wound healing. In general, 
the induced protein catabolism depletes the body of structural and functional 

protein, thereby impairing wound healing immune function, and other normal 

organ functions. Inadequate nutrition sets the stage for serious complications 

resulting in sepsis, multiple organ failure, and death. The provision of early nutri¬ 
tional support may prevent some of these deficiencies, hasten recovery from ill¬ 
ness and injury, and dimmish some of the complications of the critically ill 


Despite the known consequences of calorie and protein restriction, there 
is much debate over whether providing nutritional support truly influences re¬ 
covery and outcome in humans as well as in veterinary patients. In human pa¬ 
tients, proven benefit o* nutritional support has been demonstrated in patients 
that are unable to eat {simple starvation), in severely malnourished patients 

scheduled to undergo major surgery, in patients with major trauma, in bone- 
marrow transplant recipients, and in patients undergoing anticancer therapy.* 


Nutritional support can be instituted by the enteral or parenteral route. In 
general, enteral nutrition is preferred it the gastrointestinal tract is completely 
or even partially functional. Enteral nutrition is more physiologic, with nutrients 
being digested and absorbed by the gut and metabolized by the liver. Direct 
enteral nutrition also maintains normal gut structure and function. 7 For instance, 
within 24 hours of anorexia, atrophy of the mucosal lining and diminished di¬ 
gestive and absorptive capacity take place. 8 As a result, it is more difficult 
to re-institute normal feeding. In addition, with a lack of local nutrients, the 
gut mucosa becomes leaky, with enterocytes being unable to maintain normal 
intercellular borders and immune function. Roth of these events predispose the 

gut to translocation of bacteria and toxins and create a greater risk of secondary 
sepsis. 


In addition to the factors stated, providing enteral nutrition is probably 
more important in animals that have experienced trauma, shock, or general car¬ 
diovascular compromise. During the shock state, severe limitation to mesenteric 
blood flow predisposes to a more severe gastrointestinal insult. The gastrointesti¬ 
nal tract in these types of patients is susceptible to rept rfusion injury and greater 

dysfunction of the gut-barrier, digestive, and absorptive capacities. Providing 

enteral nutrition increases mucosal bKxxI flow and preserves entcrocyte function. 
Several recent human studies have shown improved outcome and reduction in 
hospital stay when enteral nutritional support is supplied early, specifically in 
patients with traumatic injury. 9 

Regardless of whether enteral or parenteral nutrition is used, the goal of 
nutritional support is to abrogate the catabolic state and to provide essential 

nutrients in the form of energy, amino acids, and micronutrients. In patients 
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unable to tolerate partial or full enteral feeding* parenteral nutrition us used hut 
will not he as effective in maintaining gut integrity and function. 


Recent attention has been given to specific nutrients that may he ‘condi¬ 
tionally essential’’ during periods of critical illness and to nutrients that may 

have immunomodulatory properties. 10 These nutrients include glutamine* argi¬ 
nine, and the omega-3 polyunsaturated fatty acids. 

Glutamine is important as a precursor for nucleotide synthesis as a substrate 
tor rapidly dividing cells such as enterocytes, renal tubular cells, lymphocytes, 
fibroblasts, and endothelial cells. Glutamine is essential for maintenance and 
integrity of gastrointestinal mucosal structure and function, prevention of bacte¬ 
rial translocation, and maintenance of local immune function. 11 In critically ill 
animals, glutamine is considered a conditionally essential amino acid because 

the plasma glutamine concentration markedly declines in the stressed state. 12 

Arginine has been shown to be important in wound healing, immunologic func¬ 
tion, the metabolism of amino acids, and in the production of nitric oxide. Al¬ 
though arginine is nonessential in humans, it may also be conditionally essential 
or may have positive pharmacologic effects in critical illness. 10 Omega-3 fatty 

acids have anti-inflammatory properties that may he helpful in the systemic in¬ 
flammation associated widi trauma and sepsis by changii^g the balance of eicosa- 

noid synthesis and positively modulating immune function. 10 

In critically ill humans, several studies have shown benefit with the use of 

arginine and co-3 fatty acid-enhanced enteral formulations in regard to length of 
stay and total complications. 13,14 Veterinary diets are supplemented with arginine 

because of its essential nature in metabolism, hut no specific “immune-enhanc¬ 
ing” diets exist for dogs and cats. 


The general guidelines for the institution of nutritional support include 

patients with evidence of malnutrition, patients that have lost or are expected 

to lose 10% of lean 


y mass, ami patients that are anorectic and not expected 

to he eating within 3 days. Increased nutrient demand due to the catabolic re¬ 
sponse associated with fever, infection, and neoplasia may require initiation early 

in the course of illness or injury. Patients with severe trauma, sepsis, or systemic 

inflammation and patients with nutrient losses through vomiting, diarrhea, 

draining wounds, or hums should he started on nutritional support once the 

patient has stable cardiorespiratory values and has normal fluid and electrolyte 

balance. All patients entering an ICU should he assessed for the potential ben¬ 
efit and route of nutritional support (Figure 15-1). If the gastrointestinal 

tract is completely or partially functional, a feeding tube should be placed at 
the time of admission to the hospital. Gastrostomy and jejunostomy tube place¬ 
ment should also be considered in patients undergoing a major surgical proce¬ 
dure. 




Parenteral nutrition allows for provision of nutrients through the intrave 


Copyrighted material 



Nasor tom tube 


Nutritional support route indications. (Adapted from LM Freeman, Tufts University 

School of Veterinary Medicine Clinical Hospital Notes) 


nous administration of variable mixtures of amino acids, lipids, and dextrose, 

along with vitamins, minerals and electrolytes. Indications for parenteral nutri- 

non include severe vomiting and regurgitation, acute pancreatitis, severe intesti- 
nal disease with malabsorptive disorders* or as a supplement to enteral nutrition 
so that full caloric needs are met. Exclusive use of parenteral formulations for 

nutritional support should be performed with the understanding of the negative 

effects on the gastrointestinal harrier function and the development of mucosal 

atrophy. 
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Several equations can he used to calculate resting energy requirements 

(RER), although there are many factors and individual differences in a patient's 
true metabolic requirement. 15 More important is the use of a consistent, “ball- 
park'* formula in calculating nutritional requirements. Hie following formulas 
are adequate for the calculation of RER: 


<2 kg: RER 
> 2 kg: RER 


70 X weight (kg) 0,75 

[30 X weight (k : | -4- 70 or above equation 


Caloric supplementation should include RER multiplied by an injury/illness 
severity factor in order to attempt maintenance of lean body mass and sufficient 

calories. Previous!'., severe injur, and sepsis were thought to require a doubling 
of basal requirements, but this has shown to actually result in overfeeding and 

potential complications of hyperglycemia, hyperammonemia, and hyperlipid¬ 
emia (especially with parenteral nutrition). General guidelines for estimation of 
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ture, trigeminal neuropathy) or requires medium to long duration of enteral sup- 

port. The E-tube is placed by a left mid-cervical surgical approach with the pa¬ 
tient intubated and under general anesthesia. 1 * The distal end is placed just 

cranial to the gastroesophageal sphincter and the proximal external end capped 

and sutured or anchored to the periosteum of the at las. Because of the insertion 

site, the placement of a relatively large red rubber or specifically marketed E- 
tube ( 12-22 F) allows provision of appropriate blenderized soft food as opposed 

to the more expensive liquid formulations. 

Risks associated with the E-tube use include aspiration pneumonia, reflux 

esophagitis, and vomiting/regurgitatioi \. tube dislodgement, occlusion, and 

stoma infection. An incorrectly placed E-tube may result in serious complica¬ 
tions such as upper airway dysfunction, broncho-pulmonary trauma, and iatro¬ 


genic pneumonia. 

Gastrostomy tube (G-tube) placement is indicated for any patient needing 

medium to long-term, enteral nutritional support. The G-tube bypasses the oral 

cavity, pharynx, and esophagus. Gastrostomy tubes are well tolerated in anorectic 
and ill animal patients and are easily managed by owners in the home environ¬ 
ment. Gastrostomy tube placement by surgical, endoscopic, or a blind, percuta- 

Although many tubes are available, a 


19,20.21 


neous technique has been described. 

pezzar tube (16-22F) is most commonly used. 1 ube size and direct delivery into 

the stomach allow use of blenderized diets in a bolus fashion. 


Contraindications include persistent vomiting or functional/mechanical 

obstruction. Gastroesophageal reflux and aspiration are potential complications 

in patients that do not tolerate feeding. 1 disadvantages include the necessity of 

general anesthesia, the potential for infection or inflammation at the stoma, 
and dehiscence with tube migration and peritonitis. To allow adequate adhesion 
formation at the stoma site, G-tubes should be left in place for a period of 10 
days before removal is attempted. Malnourished and hypoalbuminemic patients 

may require longer periods because of delayed wound healing. 

Jejunostomy tube (J-tube) placement is done during abdominal surgery for 
conditions in which feeding via oral or upper gastrointestinal feeding tube may 

or will be precluded. A J-tube should be considered in patients with major dys¬ 
function of the proximal gastrointestinal tract, including the pancreas and biliary 
system. >isadvantages include the need for surgical placement, risk of stoma 
infection, tube dislodgement, and peritonitis, and tube occlusion. A j-tube must 
remain in place for at least 10 days before attempted removal (longer if the 
patient is malnourished or hypoalbuminemic). The relatively small tube bore 
size | 3 */ 2 - 8 F) limits feeding to liquid formulas. Calculated calories should be 
provided as a continuous infusion because i t to the location of delivery. Methods 

tor placement have been described. 


22 


Enteral formulations produced for human and veterinary patients vary 

according to a wide range of factors including consistency, caloric density, osmo¬ 
lality, percentage and type of nutrients, and various additives. In general, enteral 
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diets formulated for human patients may be used for short periods in dogs 

and cats with special needs. However, enteral veterinar diets are balanced for 
canine and feline patients and should be used whenever possible. Formula selec¬ 
tion should be based on knowledge of the patient needs, including degree of 

malnutrition, caloric and protein requirements, and digestive and absorptive 

capacity as well as method of enteral access. The disease process also may he 
relevant to the type of enteral nutrition provided. For example, patients with 

renal or hepatic disease have diminished protein tolerance. Veterinary prod¬ 
ucts commonly used in the enteral support of critically ill patients are listed in 

Table ! 5- l. 
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Enteral formulations are characterized as either polymeric 
or elemental. Pol meric diets consist of intact protein, polysaccharides, and long- 
chain triglycerides and are appropriate for most veterinary patients receiving 
enterai' support. 

Elemental (or near elemental) diets are composed of oligo-, tri-, and di¬ 
peptides or free amino acids, medium chain triglycerides, and mono- or di-sac- 
charides. Available elemental diets are all ormulated for humans and are defi¬ 
cient in protein when used in dogs and cats. Patients with severe maldigestive 
or absorptive conditions may benefit from elemental diets that are more easily 
assimilated, although there are no current veterinary formulations to accomplish 
this task. Even though veterinary patients with J-tubes cannot depend on pancre¬ 
atic enzymes for digestion of intact nutrients, veterinary polymeric liquid diets 

(as opposed to elemental diets) are well tolerated. 
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Enteral formulations vary considerably in osmoarity and caloric 
density. In most veterinary patients, enteral products delivered in to the small 
intestine via J-tube should be isosmotic (290-310 mOsm) to limit local fluid 

fluxes, nausea, cramping, vomiting, and diarrhea. Hyperosmolar liquid diets de- 
livered into the esophagus or stomach are well tolerated, although a patient that 
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Calories Content Content 
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Canine CliniCare (Abbott) 

Feline CliniCare (Abbott) 

Feline CliniCare RF (Abbott) 
Eukanuba Maximum Calorie 

(lams) 

Hill's A/D 

Hill's P/D blersderized 
(1 part p/d: 1.5 parts water) 
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has not eaten or received enteral support in 2 to 3 days may initially require an 

isosmolar formulation. On a volume or caloric basis, elemental products (pr 

nets with monosaccharides, free amino acids) have a higher osmolarity due to 

the large number of particles per unit volume. 

Carbohydrates are provided in enteral products as polysac¬ 
charides (com starch), disaccharides, and monosaccharides. Monosaccharides in 
elemental formulations add sweetness and increase the relative osmolarity of the 
product (greater number of molecules per calories). 

Protein Dietary protein is supplied in enteral products as free amino acids, 

protein hydrolysates (di-, rri-, and oligopeptides), or intact protein. 

in elemental diets are freely absorbed by enterocytes in a non-energy dependent 

fashion (faster than free amino acids) and may be of benefit in patients with 
nutrient malassimilation. Intact proteins theoretically depend on gastric acid 
secretion and pancreatic exocrine function. 




o 


4g/100 keals in dogs and 6g/ 


man patients. Protein requirements in animals arc 

in cats. Depending on the product, protein concentration varies 
100 kcal to 15 g/kcal. Modular formulations such as amino 

inod, Ross Laboratories) may be used to supplement human enteral products 

used in animals. 


<5g / 


Patient factors that may dictate special enteral fonruila selection include 
renal or liver insufficiency, which necessitates a 
lation and a lower concentration of aromatic amino acids (2 g/100 kcal for dogs 

and 3-4g/100 kcal in cats). Patients in highly catabolic states (e.g., bums, sepsis) 

require higher protein supplementation (6 g/100 kcal in dogs and 7-8 g/100 
kcal in cats). 


high-quality, low-protein formu 


Lipids The lipid components used in polymeric enteral feeding products con¬ 
tain the long-chain fatty acids, including the essential long chain polyunsatu¬ 
rated fatty acids, linoleic ((0-3), and linolenic ((0-6 acids. 

Diets formulated with medium chain triglycerides are ideal for a patient 
with maldigestion or malabsorption syndrome. Medium-chain triglycerides do 
not depend on pancreatic lipases, brush-border enzyme activity, or active trans¬ 
port processes but rather are absorbed directly into enterocytes. Medium-chain 
triglycerides should not be used in diabetic ketoacidotic patients because they 
are especially ketogenic. 


Fiber is provided in some enteral products formulated for humans at 10 


13 g/lCCO kcal. Normal dietary fiber is composed of minimally digested (10% 


to 


15%) insoluble fibers such as cellulose, hemicellulose, and lignin and soluble 

fibers such as pectins, gums, and mucilages, most of which are digested (9C%- 

99%). Upon ingestion, dietary fiber undergoes fermentation by colonic anaer¬ 
obes, resulting in the production of short-chain fatty acids such as butyrate, ace¬ 
tate, and propionate. These acids provide an energy substrate for colonocytes, 
increase bacterial mass, stimulate sodium and water absorption, and may prevent 
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some forms of diarrhea associated with enteral nutrition. Currently, there are no 

veterinary liquid products containing fiber, although over-the-counter products 

containing psyllium and pectin are available and can be supplemented at 1 g/ 

100 kcal. 


After consideration of the type of diet on the basis of disease process and 

route of enteral feeding, the diet should be introduced slowly to provide assess¬ 
ment of gastrointestinal function. Tolerance of enteral feeding may be assessed 

by absence of nausea, vomiting, and abdominal discomfort and bloating, auscul¬ 
tation of gut sounds, and lack of gastric residual fluid (if a gastric tube is in 

place). In general, the institution of enteral support should parallel the onset of 
malnutrition, taking into consideration structural nr functional deficits of the 

gastrointestinal tract. In some patients with acute illness and injury, full nutri¬ 
tional support may be instituted within 2 days, whereas a chronically malnour¬ 
ished patient may require a slower introduction. 

Delivery factors that will increase tolerance include feeding in frequent but 
smaller volumes, using an isosmolar formula (required for J-tube), feeding slowly, 
feeding warmed (room temperature) formula, and starting with 1/4 to 1/3 of the 
calculated caloric requirement. If feeding is tolerated, the frequency and amount 
may be increased in a step-wise fashion. 

Enteral tube size and location will also dictate the type of diet used and the 
method of delivery. Smaller bore enteral feeding tubes (NE- and J-tuhe <12F) 
necessitate liquid formulations, while larger tubes (E- and G-tuhe >12F) allow 

blenderized or homogenized diets to be used. Regardless, all feeding tubes should 

be flushed with a small volume of water or isotonic crystalloid before and after 

feeding to prevent clogging. Enteral tubes that are placed in the post-pyloric 
region require continuous infusion because of minimum gut reservoir capacity. 

Continuous infusion feeding can also be used with NE, NG, E-tubes, and G- 

tubes if bolus feeding is not tolerated. 

Enteral product volume needs to he considered when calculating total fluid 
input, especially in patients sensitive to fluid overload (cardiac patients). 


The rapid introduction of a diet or use of a * liet high 
in osmolarity can cause irritation to the stomach or intestine resulting in cramp- 

and vomiting. Gastric or intestinal distension due to lack of forward 


ing, nausea 

motility may lead to similar clinical signs. Promotility agents such as metoclo 


pramide or erythromycin may increase forward motility 


Pulmonary Aspiration Aspiration may occur in any patient that is depressed 

or recumbent, lacks airway control, or has pharyngeal or esophageal dysfunction. 
I he risk is heightened in patients that are actively regurgitating or vomiting 

and in patients that are fed hy NE, NG, or E-tubc that is incorrectly placed or 
hits become dislodged. The risk of aspiration may be diminished by placement 
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of a jejunostomy rube, concomitant use of anti-emetic and anti-nausea medica¬ 
tion, and frequent gastric or esophageal decompression by suctioning. 

Diarrhea may develop during enteral feeding. Diets with high osmo- 
larity that are delivered post-pyloric may draw fluid into the gastrointestinal tract 
in amounts sufficient to overwhelm absorptive capacity. Concurrent use of anti¬ 
biotics and antacids alter pre-existing bacterial populations or cause bacterial 

overgrowth leading to diarrhea. In many enteral formulations, the lack of dietary 
fiber decreases intraluminal colonic production of short chain fatty acids, thereby 
decreasing the ability of the colon to absorb sodium and water. Patients with 
severe illness ur injury often have multisystemic organ involvement with de¬ 
rangements in blood flow, oxygen delivery, and interstitial fluid dynamics (inter¬ 
stitial edema), which result in malabsorption, maldigestion, and altered intesti¬ 
nal motility. Such changes predispose the patient to diarrhea. 

A potentially dangerous source of infectious diarrhea includes the delivery 

of contaminated enteral products in aged or mishandled formulas. Open enteral 
products should be refrigerated and discarded after a few days use. 

Inappropriate NE, NG, or E-tube placement may 

lead to aspiration of enteral products or damage to the airways from inadvertent 

placement into the bronchopulmonary tree. Gastrostomy and jejunostomy tube 

placement carries the risk of stoma site dehiscence, infection, or leakage of nutri¬ 
ents and ingesta leading to local infection or peritonitis. All stoma and tube 
sites should be inspected daily, gently cleansed with dilute povidone-iodine solu¬ 
tion, and covered with sterile gauze and antibiotic ointment. Nasal tube place¬ 
ment should not be attempted in patients with facial fractures or in patients with 

high inrracranial pressure (induced sneezing may actually increase intracranial 
pressure). 
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Parenteral nutrition (PN) may be supplied as partial (usually 40%-60% of 

Most formulas include 


21 .2 4 


calories) or total (100%) of calculated requirements, 
the provision of amino acids, triglycerides, dextrose, electrolytes, vitamins, and 
trace minerals. Individual formulations are calculated to approximate mainte¬ 
nance fluid requirements. Providing partial intravenous nutrient support is espe¬ 
cially beneficial in patients unable to tolerate full enreral support and allows a 
bridging 1 ' until lull calories can be administered enterally. 










am 








Partial parenteral nutrition (PPN) is used for patients expected to have net 
for up to 5 to 7 days. Partial parenteral nutrition provides approximately 50% 
of caloric needs, and is formulated to provide daily requirements for fluid and 

electrolytes. Although most parenteral formulations are hyperosmolar, the low¬ 
ered caloric density of PPN allows administration through a smaller, peripheral 

vein with little risk of thrombophlebitis. 

Total parenteral nutrition (TPN) delivers 100% of estimated caloric and pro- 
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tein requirements, although specific amino acid and micronutrient requirements 

may not be met. Total parenteral nutrition should be administered to patients 

that are not expected to be able to tolerate enteral nutrition for a period longer 
than 7 days. The hyperosmolarity of TPN solutions necessitates that they be 

delivered through a dedicated central venous catheter. Total parenteral nutrition 
must be started and discontinued in a stepwise fashion to prevent abrupt changes 
in plasma nutrients, allowing for an appropriate period of metabolic adaptation 
(e.g., 50% of calories on day 1, full calorie support on day 2). 




iTOi 








The calculation of parenteral formulations is based on the energy, protein, 
fluid, and electrolyte requirements of the patient. The preferred formulation of 
PN includes the use of individual amino acid (with or without electrolytes 

added), lipid, and dextrose solutions. Concerns for sterility and difficulties in 
compounding dictate that most veterinarians use human hospital pharmacies or 
referral veterinary institutions for their parenteral formulations. Specific recom¬ 
mendations on storage, administration, and compatibility of additives depend 
on the pharmacy compounding the parenteral formula. Examples of PPN and 

TPN formula calculation are shown in Figures 15-2 and 15-3. 




Intravenous placement of catheters should e done in a ster- 
ile fashion (clip, surgical scrub, and placed with sterile gloves). Catheters should 
be wrapped with sterile gauze applied over the insertion site. The catheter site 

should be examined every day, and the catheter removed and cultured if evi¬ 
dence of thrombophlebitis is seen. Protective wraps should be changed if they 
becomes wet or soiled. PPN and TPN solutions should be delivered through a 

dedicated line with minimal disconnections. A 24-hour supply of PPN or TPN 
should be connected at any one time, and IV sets and extension sets should 

be changed daily. An in-line, 1.2-micron filter should be applied to prevent 

embolization with the lipid component of the PN solution. Since hyperosmolar 

solutions can predispose to thromboemh >lism, catheters made from polyure bane 
or silicone are least thrombogenic. 25 Patients receiving solutions with osmolality 

>600mOsm (typically TPN) require central venous administration, while PPN 
can be delivered peripherally. 








•ML 


l'J 


Mechanical complications of PN include catheter-related problems. These 

include catheter occlusion, accidental removal, and line disconnection. If aseptic 
integrity is suspected, the catheter should be removed and replaced. Thrombo¬ 
phlebitis may manifest as swelling, redness, and pain at the catheter site. Cathe- 

rer sites should i examined daily and removed (and possibly cultured) if evi¬ 
dence of thrombophlebitis is seen. 

Hyperglycemia is a common complication after initiation of PN, particu- 
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NUTRITION WORKSHEET 

Resting Energy Requirement (RER) 

R£R (kcaWay) * 70 x body weight (kg) fl 75 

of tor animals > 2 kg: RE R = (30 x body weight (kg ))♦ 70 






Energy Requirement (IER) 
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Nutrient Requirements 
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4 g /100 kcal 5 g/' 00 heal 
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6 0/100 kcal 6 3/100 kcal 
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Nutrient Solution Volume Requirements 


8.5% ammo acids (with efecfrQfyt&Sji = 0085g protein/ml 
_g protein requrecVday + 0.085 g/ml 


1. 


solu tion/day 


mJ 8. 5 % am* 


i 20% m 


2 kcal/ml 


1'Mjy 


h~ e 


lipid sdution/day 


r 






xcal/d ay lipid 
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5. 50% 
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ml 50% dextrose sokrton/cay 


kcaWay dextrose ♦ 1 7 kcal/ml 
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: WultM2 Multiple Vitamins For Infusion ( 

vitamins per 24 hour dose of PPN 
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24 Pout dose of PPM 


Trace innerais Mutt) trace 5 Conce*ibate (America Regent Lab, MtwYor- MY): 
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Total Requirement 


ml 50 % dextrose 

ml 8 5% amino acid with electrolytes 

Kpid solution 

minerals 
ml mJtvitomns 
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ml tetoi volume of TPM Motion 


Admin istration Rato 




volume of T PN so ution ■ 24 hairs 




e r 


Day 1: begin 
Day 2: full 
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Figure 

Total parenteral nutrition worksheet. (Adapted from LM Freeman, Tufts University 
School of Veterinary Medicine Clinical Hospital Notes) 
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initiation of enteral or parenteral nutrition, especially after a prolonged catabolic 

state (also commonly seen in diabetic ketoacidotic patients). This condition is 
termed “refeeding syndrome” and results from a rapid rise in insulin and a shift 

of plasma potassium, magnesium, and phosphates into the intracellular compart¬ 
ment. Profound weakness, gastrointestinal ileus, vomiting, diarrhea, and neuro¬ 
muscular and cardiac rhythm disturbances can result. Hypophosphatemia can 

manifest as hemolysis as the plasma concentrations falls below 2 mg/dL. Hypo¬ 
magnesemia in its severest form can result in tetany, seizures, panting, and hyper¬ 
tension. Potassium phosphate, potassium chloride, and magnesium sulfate supple¬ 
mentation may be necessary to treat this disorder. Serum electrolytes, blood gases, 

and glucose should be measured at least once daily during initiation of PN. 

A high ammonia concentration is found in patients with deficient deamina¬ 
tion of amino acids if hepatic function is overwhelmed. Arginine deficiency, 

particularly common in cats, predisposes to hyj>eraminonemia; encephalopathic 
signs can develop. 

Hypertriglyceridemia also can develop with the preponderance of catabolic 

mediators and insulin resistance associated with stress starvation. High triglycer¬ 
ides may overwhelm hepatic metabolism and lead to steatosis. High triglycerides 

may necessitate reduction of nutrient delivery or alteration of the formula to a 
lesser percentage of lipid component. Alternatively, the addition of heparin to 

the parenteral formula may help clear plasma triglycerides by activating li| >pro- 

tein lipase. 

The administration of hyperosmolar solutions composed of lipid, amino 

acid, and dextrose solutions provides an excellent growth media for bacteria. 

/’atients showing clinical signs o' infection and sepsis should be actively exam¬ 
ined for the likelihood of PN solution contamination or catheter related infec¬ 
tion. Cultures of PN solution or catheters should guide antibiotic therapy. 
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Cachexia” is derived from the Greek words kakos (bad) and fiexis (condition) 

and is generally used to describe any condition resulting in progressive wasting 
of 1 11 »st tissue. Cachexia is often a contributing cause of death in malignancy. 
Recent studies have demonstrated a strong inverse relationship between body 

mass and mortality in seriously ill, hospitalized patients. The most prevalent 
disease categories were acute respiratory failure/multiple organ failure, chronic 
obstructive pulmonary disease/congestive heart fatlure/cirrhosis, coma, and can* 

serum albumin concentration, amount of 


it 


cer 




weight loss before admission, clinical score 

diagnosis of cancer, and body mass index (BMI). Patients with a BMI at the 

15th percentile or less incurred up to a 57% increase in risk for mortality. 

Reduced fixxl intake by cancer patients clearly contributes to body mass 
loss. Involvement of the gastrointestinal tract in the neoplastic process may di- 

rectly impair food intake and nutrient assimilation. Extraintestinal cancer causes 

physical pain and emotional distress that also impair appetite. Aggressive anti* 

neoplastic therapy also is associated with nausea, vomiting, and malaise. Some 

paraneoplastic syndromes include release by the tumor of appetite-suppressing 
peptides. Healthy individuals typically respond to decreased fixxl intake with 
an adaptive decrease in metabolic rate, thereby conserving nutrient stores and 
ameliorating the progression of weight loss. Although this process is multifacto- 
rial in origin, suppression of thyroid hormone activity often contributes to adap¬ 
tive decreases in metabolic rate. In some syndromes of this so-called “euthyroid 
sick syndrome,” function of the hypothakmuc-pituitary-thyroid axis may be nor- 


a 


* 


i 


mal, hut peripheral monodeiodinarion of thyroxine (T 4 ) to triiodothyronine (T 3 ) 


is abnormal, leading to decreased production of T 5 and increased production of 


reverse T* (rT*)« Glucocorticoids released in response to stress can 


itary responsiveness to thyroid-releasing hormone, decrease thyroid-stimulating 
hormone and thyroid hormone release, reduce numbers of Ti receptors in target 
tissues, and inhibit peripheral monodeiodination of T 4 to Tj. 

Metabolic derangements in patients with cancer may also include untoward 
increases in resting metabolic rate, despite reductions 
cases where overall metabolic rate is u 


in food intake. In those 


nchanged or decreased, substrate parti 




tioning between metabolic pathways may undergo significant changes resulting 

in loss of lean body mass or futile cycling of substrates and energy expenditure 

for nonproductive purposes. Finally, when tumor burden is sufficient, diversion 
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of nutrients away from the host may lead to loss of kxly mass and growth and 

metastasis of the neoplasm instead. Thus, the definition of “cancer cachexia” 

has come to include not only loss of body mass, but also the panoply of changes 
in endocrine and metabolic function often associated with neoplasia. 


219 


Loss of body mass in patients with cancer is caused by negative energy balance. 

Whether they lose weight primarily because of anorexia or increased energy ex¬ 
penditure is controversial. One might expect an adaptive decrease in metabolic 

rate in response to prolonged reductions in food intake. However, tumor-induced 
alterations in intermediary metabolism may also accelerate metabolic rate owing 
to changes including increased glucose recycling, elevated protein turnover in 
certain tissue compartments, and increased fat oxidation. Tumor cells themselves 

may release inflammatory cytokines, as will activated host lymphocytes and mac- 
rophages. These cytokines include interleukin-1 (1L-1), interleukin-6 (1L-6), tu¬ 
mor necrosis factor-a (TNF-a), and interferon-y (IFN-y). These cytokines, in 

turn, may directly stimulate host catabolism, or may elicit the release of hosr 
glucocounterregulatory hormones (GCRH) that promote catabolic processes. 

Increases in energy expenditure of 10% to 20% are documented in both 
weight-losing and weight-stable human cancer patients compared with either 

weight-losing or weight-stable controls with nonneoplastic disorders. Cancers 

associated with elevated energy expenditure have included testicular, hepatic, 
colonic, gastric, esophageal, pancreatic, salivary, prostatic, gallbladder, ovarian, 
renal, ind non-small-cell lung carcinomas. Controls without increases in energy 
expenditure principally included arteriosclerosis, peptic ulcer, cholecystitis, an¬ 
orexia nervosa, Crohn's disease, nonviral hepatitis, and a variety of miscellane¬ 
ous disorders. In these studies, in addition to overall metabolic rate, rates of fat 
oxidation are significantly increased in the cancer patients despite counterregula- 
tory decreases in thyroid hormone secretion. In a study specifically evaluating 
cachectic patients with pancreatic cancer, resting energy expenditure was sig¬ 
nificantly greater in those with an acute-phase reactant protein (APRP) response 

than in those without such a response. Spontaneous production of TNF-a and 
IL-6 by isolated peripheral blood mononuclear cells was also greater in 

patients with an APRP response, perhaps accounting for the observed changes 

in metabolism. 

However, other studies have demonstrated wide variability in resting energy 
expenditure among patients with the same type of malignancy. Dempsey and 
coworkers reviewed 14 prior studies of energy expenditure in human cancer pa¬ 
tients; approximately 50% are hypermctabolic (— 100**0 of normal), -5% 

normometabolic, and 25% are hypometabolic (—80% of normal). Their own 

study of colorectal cancer patients reveals a similar distribution. Some studies 
have shown that individuals with gastrointestinal cancer are predominantly hy- 

pometabolic or normometabolic and that diet-induced thermogenesis is reduced 

by more than one half in patients losing weight. However, these studies may 
represent the concurrent effects of tumor-induced increases in metabolic rate 
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creases in insulin release or increases in insulin resistance, mediated by the 


S’ 


as 




C* 




i 






Increased lipid metabolism may also contribute to antagonism of insulin's gluco- 
regulatory actions through the glucose-fatty acid cycle. Cancer patients with 

weight loss typically display higher rates of free fatty acid release from tissue stores 

and higher rates of fat oxidation than weight-stable cancer patients or weight 
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have greater fat oxidation rates than patients with localized malignant disease 
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utilization in cancer patients. 

ate systemic changes toward the preferential use of lipid for energy 

Alterations are also observed in the li 

lymphoma. Untreated dogs with lymphoma have significantly higher serum con 
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nificantly lower serum concentrations of HDL cholesterol. With the exception 
of HDL cholesterol, these parameters are not significantly improved during re 

mission induced by doxorubicin treatment, and triglyceride levels increased fur 
ther when the patients relapsed and developed overt signs of cancer cachexia/ 


Although serum glucose levels may be variable, whole body glucose tum 

over and glucose recycling through three-carbon intermediates (alanine, pyr 
uvate, lactate) are us 
concentrations are often observed, as well as greater intolerance to exogenous 
lactate administration {lactated Ringer s solution) 
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being diverted to incomplete oxidation by the host tissues or by the tumor itself 




not surprising that more glucose undergoes incomplete oxidation and subsequent 
recycling, Both the GCRH and higher free fatty acid levels can obstruct com 

plete glucose metabolism through glycolysis and pyruvate decarboxylation to 

acetyl-coenzyme A for oxidation by the tricarboxylic acid cycle. Thus, more 

three-carbon intermediates like lactic acid are released and recycled, resulting 

in a futile cycle and energy wasting. Weight loss secondary to uncomplicated 
starvation is associated w ith reduced rates of glucose turnover, whereas 
patients with progressive weight loss or the largest tumor burdens typically have 
the highest levels of hepatic gluconeogenesis and glucose recycling. 

When insulin release by the endocrine pancreas is not impaired, it is com 

to an 
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oral or intravenous glucose challenge. This is similar to what is observed in non 
insulin-dependent diabetes mellitus and obesity, or in 

Tiie former have been associated with insulin antagonism by higher resting 
GCRH levels or increased fatty acid metabolism. The latter are associated, as 
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well, with release of insulin-antagonistic inflammatory cytokines from activated 

mononuclear cells. All of these mechanisms are thought to exist in cancer pa¬ 
tients. Increased rates of glucose recycling in cancer patients are linked to rates of 

body mass loss. One group estimated that if the incomplete oxidation of glucose is 

substituted by the complete oxidation of fat, it would lead to an increase in 
energy expenditure of up to 300 kcal/d, and loss of up to 0.9 kg fat per month. 

In studies of dogs with lymphoma or with nonhematopoietic malignancies, 
resting energy expenditure, measured by indirect calorimetry, is not significantly 
different from healthy controls. However, insulin resistance and hyperlactatemia 
are evident at rest and following an intravenous glucose tolerance test (IV GTT). 

More importantly, these changes are nor abated when dogs are rendered free of 
gross evidence of malignancy following chemotherapy or surgery. This indicates 

that derangements in carbohydrate metabolism observed in cancer patients are 

not dependent on the presence of a large tumor burden and are likely due to 
persistent, induced changes in host intermediary metabolism. Conventional che¬ 
motherapy (doxorubicin) for lymphoma and surgery for nonhematopoietic ma¬ 
lignancies are not sufficient to return host metabolism to normal, and additional 
therapies may be required to achieve normalization of metabolism. 


Whole body protein loss in cancer cachexia patients is manifest by both 

skeletal muscle atrophy and onset of hypoalhuminemia. Net protein los^ and 

negative nitrogen balance may be observed in individuals who maintain calorie 

and nitrogen intake. Even in patients who maintain positive nitrogen balance, 
diversion of amino acids from one metabolic pool to another may result, none¬ 
theless, in muscle wasting or hypoalhuminemia. Reduced levels of whole 
protein synthesis, catabolism, and turnover are typically expected in patients 
with decreased food intake. Instead, tumor-bearing patients appear to lose nor¬ 
mal control of protein turnover, consuming lean body mass to release amino 
acids at an increased rate. These amino acids are then diverted to “non-useful” 
purposes 

animation and gluconeogenesis by the liver and kidneys, or synthesis of acute 

phase reactant proteins by the liver. 

A large study of whole 
strated about 50% higher rates of whole body protein catabolism in weight-losing 
cancer patients than in weight-stable cancer patients or those with benign dis¬ 
ease. Whole body protein synthesis is also increased, though to a lesser extent. 
Fractional synthetic rates of protein in muscle, liver, and albumin are increased, 
but not enough to compensate for the rates of protein catabolism. Nodal or 
systemic metastases also progressively increase protein turnover rates. Other 
studies have shown that depression of muscle protein synthesis is the principal 
cause for muscle wasting in cancer cachexia. One group reported a six-fold reduc¬ 
tion in the rates of muscle protein synthesis, even though whole body protein 

synthesis is unaffected. A more recent study of cachectic human patients with 
gastric carcinoma observed a three-fold reduction in the rate of muscle protein 
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including increased protein synthesis by the growing tumor itself, de 
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synthesis, with no changes in muscle protein breakdown or whole 

synthesis and breakdown. These studies make the case for substrate partitioning; 

amino acids that would otherwise be used to maintain muscle mass are instead 

used by other tissues, including the tumor itself and the liver. Because amino 

acids are diverted to tumor protein synthesis or hepatic APRP synthesis, whole 
body protein synthetic rates may undergo little, if any change. 

There is also evidence for increased rates of amino acid oxidation, and this 

proceeds at rates two-fold higher d'lan in healthy controls, even when alternative 

substrates, like exogenous glucose, are administered. However, some evidence 
suggests that total parenteral nutrition, including exogenous amino acids, can 

be as effective in suppressing endogenous protein catabolism in weight-losing 
cancer patients as it is in weight-stable cancer patients or anorectic patients with 
benign disease. Supplemental branched-chain amino acids (BCAA», in particu 
lar, appear to be taken up preferentially by muscle to supply oxaloacetate and 
maintain oxidation by the tricarboxylic acid cycle. Catabolism of endogenous 
muscle proteins is spared by supplying exogenous BCAA, thereby improving 
nitrogen balance. 

Possible mechanisms of cancer cachexia are shown in Figure 16-2. 
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Figure 16-2 

Possible mechanisms of cancer cachexia. (Modified from Norton JA, Thom AK: Paren 

teral nutrition and the patient with cancer, /n Rom beau JL, Caldwell MD, eds.: Paren 

teral Nutrition, 2nd ed. Philadelphia: WB Saunders, 1993, chap 26.) 
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Resting energy expenditure has been measured in dogs with lymphoma and 
with nonhematopoietic malignancies and is n >t different from healthy dogs. He- 

spite substrate partitioning to alternate pathways of intermediary metabolism or 
to tumor growth* dietary energy requirements do not appear to be increased in 
dogs with cancer. However, if appropriate antineoplastic therapy and specific 
nutritional support as described ^elow are unsuccessf ul in maintaining body mass 
increased dietary caloric intake may be indicated. However, alterations in diet 
composition appear to be more therapeutically useful, at least for canine patients 

with lymphoma, than changes in overall nutrient/caloric quantity. 
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Two concurrent sets of observations support the use of high-fat rather than 

high-carbohydrate diets to treat cancer cachexia patients. 


Cancer patients display insulin resistance, carbohydrate intolerance when 
challenged with an oral or IV GTT, and hyperlactatemia when challenged 

with an oral dietary carbohydrate tolerance test. 

Tumor cells are developmental ly immature and do not have large numbers 

of mitochondria for oxidative metabolism, often outgrow their vascular (and 

ox gen 1 supply, and typically produce much lactic acid from anaerobic gly¬ 
colysis following a carbohydrate challenge. High-fat diets limit the amount 

of lactic acid produced, ameliorate the degree of insulin resistance, and pro¬ 
vide a substrate that is preferentially used by the host, rather than the cancer 
tissue for oxidative energy metabolism. 
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Several studies have now suggested a role for dietary essential fatty acids 
(EFA) in the development and progression of cancer in experimental models. 
Following treatment with the colon carcinogen azoxymethanol, mice fed a diet 
high in co-3 EFA developed fewer focal areas of colonic dysplasia than those fed 
diet supplemented with <0-6 EFA. In rats treated with azoxymethane, dietary 

o>-3 EFA supplementation with menhaden oil reduced colon tumor incidence 

and multiplicity at both the initiation and postinitiation phases of carcinogene¬ 
sis. Replacing dietary medium-chain triglycerides with marine fish oil high i 

to-3 EFA significantly reduced tumor growth rate, host weight loss, and toxicity 
of both cyclophosphamide and 5-fluorouracil in a murine transplantable colon 
carcinoma model. Studies with a human breast cancer cell line have demon¬ 
strated enhanced cell growth in vitro following addition of CO-6 EFA to the me¬ 
dium, and inhibition of cell growth following CO-3 EFA additions, as well as a 

reduction in the frequency and severity of metastases in vivo when transplanted 

to nude mice supplemented with dietary eicosapentaenoic acid (EPA) and doco 
sahexaenoic acid (PHA). In those studies, DHA was more effective than EPA 
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and the effect was attributed predominantly to alterations in leukotriene synthe¬ 
sis, rather than to eicosanoids. Dietary linseed oil supplementation in rabbits, 
to increase U>-3 EFA intake, stimulated cell-mediated immunity, as measured by 

the in vitro T-cell proliferative response to the mitogens phytohemagglutinin 

and concanavalin A. However, in humans, dietary flaxseed oil (and CO-3 EFA) 
supplementation had the opposite effect, although indices of humoral immunity 

are improved. 

A long-term study of a high-fat, low'Carbohydrate, marine fish oil, and 

arginine-supplemented diet for canine lymphoma patients has been published. 
This study was designed to evaluate the hypothesis that the experimental diet 

would improve metabolic parameters, dec ease chemical indices of inflammation, 
enhance quality of life, and extend disease-free interval (DF1) and survival time 
(ST) in dogs treated with doxorubicin for lymphoblastic lymphoma. Metabolic 
parameters examined included blood concentrations of glucose, lactic acid, and 

insulin during IV GTT and diet tolerance tests, as well as resting energy expendi¬ 
ture measured by indirect calorimetry. Indices of inflammation included blood 
concentrations of a r acid glycoprotein a r AG), TNF-a, and IL-6. Response to 
chemotherapy was evaluated by host body weight changes, DF1, ST, and clinical 
performance scores. The dogs were fed isocaloric amounts of a diet supplemented 

with menhaden fish oil and arginine (experimental diet) or an otherwise identi¬ 
cal diet supplemented with com oil (control diet) before and after remission 

was attained with up to five dosages of doxorubicin. The <0-3 content of the 

experimental diet was 7.3% dry matter (DM), with an <0-6/<0-3 ratio of 0.3:1, 
versus the control diet with an <i)-3 content of 1.6% DM and <*>-6 /g)- 3 ratio of 
7-7:1. Dogs fed the experimental diet had significantly (P < 0.05) higher serum 

levels ot <0- 3 fatty acids and arginine w len compared to controls. 1 ligher serum 

levels of DHA and EPA were associated with lesser (P < 0.05) plasma lactic 
acid responses to IV glucose and diet tolerance testing. Increasing DHA levels 

were significantly (V < 0.05) associated with longer ST and DF1 for dogs with 

stage III lymphoma fed the experimental diet. Least squares regression analysis 
suggested that tor each I (imol/L increase in serum C 2:6, the probability of 

dying by any given time point decreased by approximately 3.7% in stage III 
patients fed the experimental diet. For an increase in serum C22:6 concentra¬ 
tions of 1 standard deviation (approximately 11.0 pmol/L), the probability of 

dying by any given time point decreased by nearly 40%, DHA did not signifi¬ 
cantly (P > 0.10) influence ST or DFI in dogs fed the control diet or in dogs 

with stage IV lymphoma fed the experimental diet. Diet or serum concentrations 
of DHA did not influence (P > 0.10) clinical performances scores or degree of 
doxorubicin toxicity. 
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The derangements that underlie veterinary patients* metabolic responses to 
cancer and its treatment can have an important effect on clinical outcome. Quah 

ity of life, DFI, and even survival can be noticeably improved by early recognition 

of metabolic abnormalities by the critical care clinician. Therapeutic interven- 
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lion with management techniques to improve voluntary food consumption, gas- 

arc necessary. Selective administra¬ 
tion of specific dietary formulations can favor host metabolism over that of the 
tumors. Certain nutrients have been demonstrated to have a therapeutic benefit 
above and beyond standard chemotherapeutic management and intensive medi¬ 
cal care. In summary, proactive dietary intervention is a mainstay of critical care 
for veterinary cancer patients. 
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Pacemaker therapy is indicated in veterinary medicine for symptomatic bradyar 
rhythmias including high-grade second-degree atrioventricular (AV) block 

third-degree AV block, sick sinus syndrome, and persistent atrial standstill with 

a slow ventricular escape rate, 15 Pacemaker implantation is indicated when clini¬ 
cal signs such as exercise intolerance, syncope, or congestive heart failure are 
related to the bradycardia. Pacemaker therapy improves cardiac output and pre¬ 
vents sudden death associated with bradyarrhythmias by maintaining the heart 
rate above a ^‘determined rate. 
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Several types of pacemaker generators and pacing modalities are available. 

Pacemaker function is identified by a three-letter code (Table d 7-1 L d he first 

letter indicates which cardiac chamber is paced, the second letter the cardiac 
chamber sensed, and the third the electronic response to sensing. The most com¬ 
mon pacemaker function used in veterinary patients is M VVl n in w uch the ven¬ 
tricle is the site of both pacing and sensing, ar..d the pacing impulse is inhibited 
when a naturally occurring heart beat is sensed. VVI pacemakers have a fixed 
heart rate unless they are demand pacemakers. 

Demand pacemakers have a piezzo-electric crystal that allows detection of 

vibration due to in exercising. Once the piezzo-electric crystal detects vibration 

it sends information to the pacemaker to increase the heart rate. 5,6 A : ourth 
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A (Atrium) 

V (Ventricle) 

D (Dual: A + V 


I Inhibited 
T Triggered 
D l&T 

O No response 
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O No sensing 
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Figure 17*1 

Unipolar epicardtal electrode. The tip of the electrode is the cathode and the metal 
lie box of the pacemaker is the anode. The electric current has to travel from the 

cathode to the anode. 


letter, W D,” identifies such pacemakers. Therefore, unlike fixed pacemakers, de¬ 
mand pacemakers are not limiting the amount of exercise of the patients. Battery 

life in a pacemaker is usually between 4 to 6 years. 








Electrodes may he unipolar or bipolar and can implanted either on the 
epicardium or the endocardium. 7 With unipolar electrodes the electric cur¬ 
rent goes from the tip of the electrode (cathode) to the metallic box of the 
generator (anode) (Pip. 17-1). With bipolar electrodes, the anode and cath< :e 

are at the tip of the electrode (Fig. 17-2). Less energy is then required to stimulate 
a cardiac contraction, which results in a longer battery life. Transvenous elec¬ 
trodes are usually bipolar, whereas epicardial electrodes are usually unipolar. 
Transvenous electrodes can be used for either temporary or permanent pace¬ 
maker therapy. 


Bipolar endocardial electrode. Anode and cathode 

The electric current has to travel from the cathode to the anode 
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Before a permanent pacemaker is implanted, a complete cardiac work-up should 

be performed with thoracic radiographs, echocardiography, and an electrocardio¬ 
gram (ECG). Complete blood work should also be done to eliminate any meta¬ 
bolic causes of dysrhythmias. 

The heart rate needs to be controlled before implantation of the permanent 

pacemaker. The natural escape rhythm associated with a third-degree AV block 

is a slow ventricular rate (30-50 beats/min) (Fig. 17-3). Administration of lido- 

caine to an animal with this rhythm is contraindicated. Before implantation of 
the permanent pacemaker, it is also necessary to increase the heart rate either 

with a temporary external pacemaker or pharmacologically. If a temporary exter¬ 
nal pacemaker is available, a flow-directed, balloon-tipped, bipolar electrode is 

introduced into the jugular vein and wedged into the trabeculae of the right 
ventricle under local anesthesia and light sedation. The transvenous electrode 
is introduced into the jugular vein through a venous introducer. Transvenous 

electrode placement can be performed either by monitoring the ECG or using 
fluoroscopy (Fig. 17-4). Prior to introduction, the transvenous electrode is con¬ 
nected to an external pacing device that is set at 5 V and a rate of 100 beats/ 

min. The transvenous electrode is advanced into the right atrium where the 

balloon is inflated. The electrode is carried by the bk i flow into the right 
ventricle. The ECG documents capture of the ventricle when the electrode is 
properly wedged into a trabulae. Fluoroscopy is used to assist with placement of 

the electrode and confirm its position (see Fig. 17'4). 8 For sick sinus syndrome, 

the right atrium can be paced instead of the right ventricle. If a temporary exter¬ 
nal pacemaker is not available, constant intravenous infusion of a p agonist 
(isoproterenol, 0.01 pg/kg/min) can be used during anesthesia to increase the 
rate of the escape rhythm, but this method is less reliable. 
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Intraoperative antibiotic therapy such as first-generation cephalosporin is recom¬ 
mended during pacemaker implantation to reduce the risk of implant infection. 
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Permanent transdiaphragmatic pacemaker implantation ts accomplished 

through a ventral midline celiotomy. 9 Balfour retractors are placed, the liver is 

gently retracted caudally, and the phrenicohepatic ligament is incised. A midline 

incision is made in the diaphragm to expose the heart. Stay sutures are placed 

on the edge of the diaphragm for retraction (Fig. 17-5). The pericardium is 

opened and retracted with tissue forceps to expose the apex of the left ventricle. 
A screw-in unipolar epicardial electrode is implanted in the myocardium at the 
apex of the left ventricle avoiding coronary arteries (Fig. 17-6). The screw-in 
electrode is turned clockwise into the myocardium with number of turns specified 

by the manufacturer. Ideally, electrical impedance of the electrode should be 
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Figure 17-4 

Transvenous electrode with the balloon inflated at the tip. 


Figure 17 

The diaphragm and the pericardium have been opened. The apex of the left ventri 

cle is visualized through the incision. 
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Figure 17-6 

Epicardial screw in electrode. 

The number of turns required to 

implant the electrode is a spe¬ 
cific for each type of electrode. 


measured to confirm appropriate implantation of the electrode. Lead impedance 

at implantation should be between 250 and 1000 Ohms. A broken lead will 

have an impedance over 1000 Ohms, whereas a leaking lead due to damage to 

the insulation will have a impedance below 250 Ohms. 

The capture voltage (i.e., the lowest voltage at which the heart is paced) 
also can be determined. The other end of the unipolar electrode is connected 

and tightly secured with the pacemaker. For the pacemaker generator, a pouch 
is made between the transverse abdominalis and the internal oblique muscle. 

As soon as the pacemaker is placed in the muscular pouch the temporary pace* 

maker is stopped and the perm;inent pacemaker paces the heart (Fig. 17*7). 
A subcostal thoracostomy tube is implanted. Tire diaphragmatic incision, the 

muscular pouch, and the celiotomy are closed in a routine fashion. Care should 
be taken not to damage the electrode during suturing. 




The transvenous implantation is the less invasive technique and the 
method of choice. 2 This technique requires fluoroscopy to confirm electrode 

placement. After surgical preparation of the left or right lateral side of the neck 

and the scapular area, the jugular vein ^ surgically exposed. The jugular vein 

isolated and elevated on two silk sutures. A 2-3 mm incision is created with a 

no. 11 blade between the two silk sutures. ‘I lie transvenous electrode is then 

introduced into the jugular vein and advanced into the right ventricle with a 
curved guidewire under fluoroscopy. Fluoroscopy is used to assist with placement 
of the electrode and confirm its position. The electrode is screwed into the right 

ventricular wall according to the recommendations from the manufacturer. The 

silk sutures are then tied around the electrode. I he transvenous electrode is 
t unneled under the subcutaneous tissue between the scapulae. For the pacemaker 

generator, a pouch is made in he subcutaneous tissue between the scapulae. The 
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Pacemakers 


pacemaker is connected to the electrode and implanted in the pouch. For sick 
sinus syndrome, the right atrium can he paced instead of the right ventricle. 

Pacing the right atrium allows preservation of the AV synchronization. 






Pacemakers are usually set at an impulse rate between 80 to 100 beats/min ac- 
cording to the size of the dog and its activ ity level. After surgery, animals should 
undergo continuous I CG monitoring tor 24 hours to confirm proper function 

of the pacemaker. The heart rate should not drop below the preset rate o! the 
pacemaker. Ventricular premature contractions often are seen after surgery due 

to the myocardial trauma from the lead implantation, Lidocaine can be used to 
suppress ventricular premature contractions hut usually is not necessary. The 

temporary, transvenous lead is left in place for 24 hours as a back-up in case t he 
permanent pacemaker shows problems. The voltage output of the pacemaker is 

set at two rimes the measured capture voltage, if known, or at 5 V and 0.5 msec. 

Lower voltages spare the pacemaker battery. 


Pacing complications are due to failure to capture, failure to sense, failure to 

capture and sense, or battery failure. 2 ’*' 14,15 Failure to capture is characterized on 
an ECG by pacemaker spikes not followed by QRS-T complex (Fig. 17-8). In- 

creased lead impedance from fibrous tissue deposition around the lead is the most 
common cause of this problem. It takes approximately 4 to 6 weeks for sufficient 

fibrous tissue to develop and create m increase in impedance. The problem is 
treated by increasing the output voltage. Other causes are a lead fracture, a lead 
insulation failure, or a lead dislodgmenr. Failure to sense a nonpaced heartbeat 

results from a lead fracture, a lead insulation failure, a lead dislodgment, or an 

increased impedance at the lead-myocardium interface. Failure to sense is recog¬ 
nized on an ECG by the presence of a nonpaced heartbeat between two normally 

timed paced beats. Sometimes sensitivity threshold can be adjusted to correct 

the problem. Failure to sense places the animal at risk for competitive tachycar¬ 
dia and ventricular fibrillation. Battery failure is characterized by erratic behavior 
of the pacemaker (i.e. f inconsistent failure to capture, or to sense 

Confirmation of a battery’ failure is usually made after elimination of the other 
problems. The battery level of newer generation of pacemaker can be measured. 
A failing pacemaker generator must be surgically replaced. 

Pacemakers can be reprogrammed for the rate, the output voltage, and the 

"viTMUYitv, In U'lvnuitv. The [muiiliLt van Iv inUTrogun-d .uni .ldjiMed with 

the telemetry unit. If the pacemaker cannot be interrogated a battery failure is 
suspected. 


or both). 


Pacemaker syndrome results from the selection of 
mode. 1617 It is characterized by a reduction of arterial pressure and cardiac output 
and progression of congestive heart failure. It is most commonly due to a loss 
of AV synchronization during ventricular pacing or ventriculoatrial (VA) con¬ 
duction. Atrial contraction contributes to 25% to 30% of ventricular filling. It 


suboptimal pacing 
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AV synchronization is lost, ventricular filling is reduced, cardiac output de- 

creased, atrial pressure increased, and congestion develops. Loss of AV synchro* 

nization occurs with ventricular pacing for third-degree AV block and with sick 
sinus syndrome if the AV conduction is decreased. VA conduction can happen 
with ventricular pacing and will result in atrial contraction against clu ed AV 
valves. It will result in severe atrial dilation and congestion. Pacemaker syndrome 
can be noticed at the time of implantation when arterial pressure drops more 
than 20 mm Hg after implanting the pacemaker. 
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Figure 


of a dog with a pacemaker implanted. The pacing spikes are visible on the ECG 

(black arrows). Normal electrical activities occurred (two QRS complexes in middle of 

he tracing). The pacemaker sensed the normal electrical activity and did not send an 

impulse. (A) Failure to capture. The pacemaker spikes 
ization of the myocardium (black arrows). The electrode was intact 

maker was able to sense the myocardial electrical activity. (S) The output voltage of 
the pacemaker has been increased to overcome the augmentation of impedance. 

Each electrical impulse from the pacemaker is capturing the myocardium. 
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Electrocardiography is the making of a graphic record that depicts the electrical 

activity of the heart muscle as detected over time. The electrical activity of the 
heart is measured by placing electrodes on specific surfaces and measuring electri- 

cal potentials between pairs of points. It is also possible to measure potentials 
from within ne esophageal lumen, from within the heart chambers during car- 
diac catheterization, or from the surface of the heart during thoracic surgery. 1 It 

has become an indispensable clinical tool that can be used to determine heart 
rate and rhythm, as well as cardiac arrhythmias and conduction disturbances. 

Most practicing veterinarians have access to electrocardiograms (ECGs) and are 
including them in the patient's database. 
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Performing and assessing an ECG gives the veterinarian insight into rhythm and 

conduction disturbances within the heart, potential electrical abnormali- 

ties, the effect of various drugs on the heart, and occasionally anatomic orienta¬ 
tion and abnormal chamber size. 1 Therefore, an ECG is indicated in patients not 

only with primary cardiac pathology but also with certain systemic disturbances, 
such as hypoadrenocorticism and pheochromocytomas, that can lead to life- 

threatening arrhythmias. Certain disease states cause severe electrolyte disorders 

or acid-base disturbances that can alter the depolarization and repolarization of 
cells and lead to ECG abnormalities. 2 Effective management of heart disease 

mandates evaluation of an ECG. Patients whose physical examination demon¬ 
strates an abnormal heart rate or rhythm should have an 

tients presenting in respiratory distress, in shock, or with a history of syncope 
or seizures are candidates for ECG monitoring. Thus, numerous conditions would 

benefit from the information gathered from an ECG (Table 18-1). However, it 

is also important to remember that an ECG must be interpreted in conjunction 
with all the clinical findings. An animal with severe heart failure or cardiovascu¬ 
lar disease may have a perfectly normal ECGP Conversely, a morphologically 

normal heart can develop lethal arrhythmias. 2 Use the ECG as a piece of the 
overall puzzle, adding it to existing clinical knowledge, experience, and judg¬ 
ment. 


ECG performed. Pa 
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Clinical Indications 


an 


Patient history 


Syncope 
Seizures 

Exercise intolerance 

Ausculted arrhythmias 
Heart murmur 
Gallop rhythms 

Dyspnea 

Cyanosis 
Jugular pulses 
Shock 

Muffled heart sounds 
Pulse deficits 

During anesthesia 
After anesthesia 
Preop in older animals 
During pericardiocentesis 

Digitalis glycosides 

Quinidine (Quinidine Sulfate, Key Pharma 
ceuticals; Quinidine Gluconate, Eli Lilly) 

P blockers 

Calcium channel blockers 


Physical exam findings 


Cardiac monitoring 


Suspected drug toxicities 


Serial monitoring in known 

cardiac patients 


Myocardial disease 
Congenital disease 
Acquired valvular disease 

Pericardial disease 

Heart failure 

Pacemaker dysfunction 
Chamber enlargement 


Thyrotoxicosis 

Hypoadrenocorticism 

Pheochromocytoma 


Endocrine disorders 


Shock 

Renal disease 

Pancreatitis 

Neoplasia 

Pyometra 

Trauma 


Systemic disorders 


Electrolyte imbalance 


Potassium 

Calcium 

Magnesium 


Diabetic ketoacidosis 


Acidkbase abnormalities 


Radiographic findings 


Cardiomegaly 


Copyrighted material 


















































Electrocardiography I C 


18 


rZV 




i 


i 


▼ 


w 


i n 


r *i ■< 


Ti 




L? 




One should not overinterpret ECGs but rather recognize the limitations set by 

both the machines themselves and the information provided. ECG machines are 

designed according to human specifications. For example, the interna electrical 

filters, which help prevent artifacts on the ECG rhythm strips, are set to strongly 
attenuate signals above 100 l Iz. This is because the majority ot the human :JO > 
Mortal does not occur above 100 Hz. However, feline iSGG signals occur mostly 
at or above 150 Hz and therefore the feline ECG amplitudes are greatly affected 
by these filters. 

The information gathered from an ECG also has built in limitations. For 
instance, an ECG tells nothing about the mechanical status of the heart. It 
merely records the electrical stimuli without regard as to whether or not there 
is a mechanical response. 4 In general, the more severe the ECG abnormalities, 
the more grave the prognosis. 5 However, this is not a hard and fast rule. Further¬ 
more, an ECG only evaluates the myocardium and records nothing about other 
important structures within the heart, such as valves and coronary arteries. 5 Fi¬ 
nally, in veterinary medicine the wide variations in body conformation among 
patients makes it difficult to work from a single set of standard measurement 

values. 5 Not only does body conformation affect values but so does species and 
breed (consider a toy poodle versus a greyhound ECG or even more dramatic, 
a Siamese cat versus the greyhound!). 
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An ECG records the stimulation (or depolarization) of cardiac cells fol¬ 
lowed by the relaxation (or repolarization) of cardiac cells. At rest, the surface 
of cardiac cells are more positively charged than the interior of the cells. This 

is due to a higher concentration of Na + on the outside of the cells. Within these 

cells there is a higher concentration of K + . In this state, the resting cells are 
referred to as "polarized” because they are in a ready state where the electrical 
charges are stable and there is no electrical flow. 4 During depolarization an im¬ 
pulse triggers Na* to rush into the cell and K + to depart causing a reversal of 
the polarized state. Once neutral potential is reached in this reversed state, slow 

calcium channels open and begin to allow Ca' * to enter the cell leading to 
muscle contraction. Following contraction, Na + returns to the outside of the 
cell and K + to the inside. This phase is referred to as repolarization. This informa¬ 
tion is important to understand when establishing how a directional electrical 
current is produced in the heart. 

Another important key to understanding how an electrical current is pro¬ 
duced is related to the properties of cardiac muscle. One of the physiologic prop¬ 
erties of cardiac muscle is conductivity, which means that activation of an individ¬ 
ual cell will produce activity in neighboring muscle cells. Another important 
probity is automaticity , which means that cells are capable of initiating their 
own impulses. 5 Combining the concepts of automaticity, conductivity, and 
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depolarization/repolarization* one can begin to put together how a current is 
sent through heart muscle. 

Specific tissues throughout the heart form a specialized conduction system. 
The conduction system consists of the sinoatrial node (SA node), intemodal 
tracts* atrioventricular node (AV node), the bundle of His, right and left bundle 

branches, and the Purkinje fibers. The two important responsibilities of this sys¬ 
tem arc to (1) initiate cardiac depolarization and (2) coordinate the electrical 
impulse throughout the heart. Based on the property of automaticity, pacemaker 
cells in the SA node initiate an electrical impulse* which leads to depolarization 
within the cells in the SA node. Due to the property of conductivity, neighbor¬ 
ing cells begin to depolarize. The direction of the wave of depolarization then fol¬ 
lows the specialized conduction system. Therefore, the wave should spread down 

t be internodal tract causing atrial contraction. The wave then passes through the 
/■A" node to the bundle of i is, along the bundle branches* an i out through the 

Purkinje fibers ultimately leading to ventricular contraction, A repolarization wave 
will follow (Ftg. 18-1). 






m 


Depolarization and repolarization create waves of electrical forces with a 
mean direction after opposite forces are cancelled out. Therefore, at any given 
moment the majority of electrical current when averaged all together travels in 

a specific direction. When the direction the electrical force is toward a positive 

electrode, it will be represented by a positive deflection on the ECG. When the 
direction is away from a positive electrode, it will be represented by a negative 

deflection. If the direction is at a 90° angle to the positive electrode there will 
be little or no deflection recorded (Fig. 18-2). The amplitude of a deflection will 

be proportional to the thickness of the muscle activated and the proximity of 
the electrode to that muscled Thb information will help in understanding the 
use of the various lead systems in an ECG. 






mm 


The primary purpose for obtaining an ECG is to evaluate the electrical 
activity of the heart. However, because the heart functions within an enclosed 

three-dimensional compartment, it is difficult to accurately evaluate electrical 
current direction using only one angle, onsequently, various "lea.Is” are ob¬ 
tained from multiple orientations around the heart. This allows for greater accu- 

racy and localization or ; dems within the heart. 

Knowing that an impulse traveling toward a positive lead creates a positive 
deflection, and an impulse traveling away from a positive lead creates a negative 

deflection, one can determine the strongest direction of an electrical wave by 
moving a positive lead around to various points. Using this premise, Willem 
Einthoven* a Dutch physiologist, established a fixed lead system that consisted 
of three hi; olax limb lead' that formed an equilateral triangle around the heart. 6 

When placing the leads on the limbs a true equilateral triangle is no longer 
formed, hut it is close enough for the purposes needed. These leads all lay within 
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Figure 18-2 

The effect of the depolarization wave on the deflection of the ECG, (From Tilley LP: 
Essentials of Canine and Feline Electrocardiography, 3rd ed. Philadelphia: Lea & 


Febiger, 1992.) 


the frontal plane of the hotly. Each bipolar lead consists of a positive and a 

negative electrode, and as a group are referred to as the “standard leads” (Table 
18-2). 


Expanding on this original lead system, a second grouping of three leads 
was developed and is referred to as augmented unipolar limb leads. The same 
electrodes as the bipolar leads are used; however, only one electrode is estab¬ 
lished as a positive pole and an average of the other two electrodes establishes 
a neutral reference point (as opposed to using a negative pole). 7 Because a 

unipolar lead only records one half the voltage of a bipolar lead, the ECG 

machine will amplify the deflections hy doubling their height. This is why 
they are referred to a** "augmented” leads (see Table 1S-2). The combination of 

the standard leads and the augmented leads is referred to as the hexaxial lead 


system. 


The standard leads scan electrical activity over large areas of the heart. This 
is useful in determining arrhythmias and abnormalities in P-QRS-T deflections. 
They also play a role in determining mean electrical axis. 5 In contrast, the aug¬ 
mented limb leads scan only specific regions of the heart for directions of electri¬ 
cal activity. Therefore, unipolar leads tend to be most useful in determining the 

electrical axis of the heart. 5 


A select group of unipolar precordial chest leads can be used to detect ven¬ 
tricular enlargement or bundle branch blocks, or to verify the presence or ab¬ 
sence of P waves. 5 * 8 The chest leads encircle the heart in the saggital or horizontal 

plane instead of the frontal plane. The three limb leads are left in place to estab¬ 
lish a zero reference point at the center of the heart and a fourth unipolar, explor¬ 
ing electrode, is attached to the chest at various locations to evaluate electrical 

activity. The Vj 0 lead is the most frequently used of the precordial leads 5 (see 

Table 18-2). 
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Limb 


Location of 
Negative Electrode 

Left forelimb 

Left Hindiimb 

Left hind I imb 


Location of Positive Electrode 
Right forelimb 

Right forelimb 
Left forelimb 


Name 

Lead I 

Lead II 
Lead III 


Unipolar Limb 

Name 


Positive Electrode 
Right forelimb 

Left forelimb 
Left hindlimb 


Electrodes Establishing Neutral Reference Point 

Left forelimb and left hindlimb 

Right forelimb and left hindlimb 
Left forelimb and right forelimb 


aVR 


aVL 


aVF 


Unipolar 

Name Location of Exploring Electrode 


Right 5th intercostal space halfway from sternum to costochondral junc 

tion 

Left 6th intercostal space at chondrosternal junction 

Left 6th intercostal space at costochondral junction 
7th dorsal spinous process 


rV 


: 


V 


i 


V 


i 


V 


in 


# In all chest leads the three limb electrodes remain in place to establish a zero reference point (right 
forelimb, left forelimb, and left hindlimb). 
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When obtaining an ECG reading, it is important to minimize activity sur- 
rounding the patient and provide a comfortable surface area for the patient to lie 

on, using a blanket or padded mat whenever possible. It is imperative that it is a 

nonconductive surface so as to avoid electrical interference. The patient should be 

in right lateral recumbency with the limbs perpendicular to the body and slightly 
separated (Fig. 18-3). Animals in respiratory distress may not tolerate this position¬ 
ing and the only option may be to record the EGG in sternal recumbency or a 

standing position. When the animal is not m right lateral recumbency, the ECGs 
can he used for rhythm and interval interpretation hut may not be accurate tor 

amplitude measurements. Young, aggressive, or stressed patients may require chem¬ 
ical restraint, although this is generally not advised. Although wave deflections 
and electrical axis should not be significantly altered, arrhythmias can be induced 

by certain drugs, which also must be considered when interpreting results. 


5 




Once the patient is in the proper position, the electrodes are attached using 

alligator clips directly to the skin, using alligator clips attached to subcutaneous 
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Figure 18-3 

Patient in right lateral recumbency with the limbs perpendicular to the body and 
slightly separated with ECG leads. This is the proper standard position for recording 
an ECG. (Photograph courtesy of Vicki Matteson, RN.) 


wires, vi i electrode patches, or even metal plates held in place by rubber straps. 
When using alligator clips directly on skin, it is recommended that the alligator 
teeth be flattened before they are placed on the patient because the teeth are 
sharp and induce pain. If it is anticipated that a patient may he in need of a 
more longterm monitoring of the ECG, then subcutaneous stainless steel wire 

loops, or electrode patches, are a belter choice due to patient tolerance. 

Fo l>est nesults, prior to placement of electmdes, the patient's hair should 
be clipped to allow the most complete contact between the electrode and the 

skin. When u>ing the alligator clips or subcutaneous wires, shave proximal ro the 

olecranon on the caudal aspect of the forelimbs and over the patellar ligament on 
the cranial aspect of the hindlimbs. 5 If the patient has respiratory distress or is 
tachypnic, these* sites may have to be moved distally on the limbs. When using 
the electrode patches, shave either the cranial or caudal area of the carpal anil 
tarsal bones. The patches tend to cause less interference with walking. The use 
of alcohol, or electnxle pastes or gels, will further enhance electrical conduction. 
Alcohol does evaporate fairly rapidly, so if a prolonged or continuous reading is 

desired an electnxle paste or gel is a better option. 5,9 Most ECG machine elec- 

trodef are color coded for placement purposes (Table 18-3). It is important to 
place these leads in the correct location to evaluate wave deflections. 


Now that the patient is in the appropriate position and the limb leads are 

attached, it is time to begin recording the ECG. ECGs are recorded on calibrated 

paper, which is divided by horizontal and vertical lines that are 1 mm apart. 
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Lead Color Coding 


Placement Location 


Color 


Right forelimb 

Left forelimb 

Left hindlimb 


White 


Black 


Red 


Right hindlimb 
Chest lead 


Green 


Brown 


Every fifth line is indicated with heavier ink. Therefore, the heavier inked 
squares are 5X5 mm. All ECG machines should be calibrated so that complex 
size can be compared against a standard. This calibration is accomplished using 
the sensitivity selector. The standard sensitivity is 1 mV = 1 cm, meaning 1 
mV of current causes a deflection of 10 small boxes or two heavier inked boxes 

in height. If the patient being recorded consistently causes the stylus to run off 
the page, the sensitivity selector can he changed to 1 mV = 0.5 cm. Conversely, 
if a patient’s ECG waves are too small to evaluate the sensitivity can be doubled 

to 1 mV = 2 cm. 

Once sensitivity is established then paper speed should l^e determined. The 

two most common choices for paper speed are 25 mm/sec and 50 mm/sec. Most 

ECGs on dogs and cats are run at 50 mm/sec. However, when running paper 

speed at 25 mm/sec there is a better opportunity to demonstrate an arrhythmia. 
At 25 mm/sec every 5-mm box equals 0.2 seconds (200 msec) and every five 

heavy inked boxes equals 1 second. At 50 mm/sec every 10 heavy inked boxes 

equals 1 second. This is why it is important to know paper speed when it comes 

time to determine heart rate and interval duration. 

The third point to remember when recording an ECG is to keep the tracing 

centered on the paper. This is done using the stylus petition knob. It may he 
necessary to make multiple adjustments of the stylus position during the ECG 
recording and therefore one hand should be kept on the position knob through' 

out the procedure. Record four or five good complexes in each of the six limb 

leads at 50 mm/sec and then record a long strip of the lead that produced the 

largest deflections (usually lead II) at 25 mm/sec. 7 If precordi.il chest leads are 

also being run, the recorder will need to be stopped for each placement ot the 
exploring electrode and then restarted. 


Many arrhythmias happen intermittently md therefore checking an ECG 
periodically will decrease the probability of the arrhythmia being witnessed. 
Sorm arrhythmias occur more frequently at slower heart rates (especially prema¬ 
ture ventricular contractions) and accordingly may he most likely to he seen 
when a patient is actually asleep or at least in a very’ calm state. So, the act itself 

of moving the patient and placing the ECG leads may be disguising an arrhyth¬ 
mia simply due to the increase in heart rate that ensues with the activity. In 
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Post-trauma: Especially thoracic trauma 

Ruptured bladder/ureter/urethra 

Uncontrolled hemorrhage 
Head trauma 

Postsurgery: Especially splenectomy 
Gastropexy due to gastric dilation/volvulus 

Any heart surgery 
Pacemaker placement 

Thyroidectomy 

Parathyroidectomy 

Pericardectomy 

demonstrating unstable arrhythmias that can be immediately life-threatening 
Sick sinus syndrome 

Multifocal ventricular tachycardia 

Third-degree AV block 

Paroxysmal tachyarrythmias/bradyarrhythmias 
History of syncopy 

re hypoxia 
Pericardial effusion 

Pheochromocytomas 
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prone to electrolyte abnormalities 




W 
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Diabetic ketoacidosis 


Hypoadrenocorticism 
Renal failure 

Certain neoplasias 

Urethral obstruction 


Patients on long-term cardiac medications 

Calcium channel blockers 

p blockers 
Digitalis glycosides 

Angiotensin-converting enzyme inhibitors 


Heartworm di 

Hyperthroidism, hypothyroidism 

Cushing's disease 
Electrocution 




bundle branch bio ks 


m 


Ji 


these cases a continuous monitoring i r the ECG is more appropriate. On the 

other hand, when looking for electrolyte abnormalities, bundle branch blocks, 
or the effectiveness of certain drug therapies, it may be sufficient to check inter¬ 
mittent ECGs (Table 18-4). Hence, it is important to evaluate the purpose of 

the HOC»to determine which is the most effective monitoring protocol, continu¬ 
ous or intermittent. 




a 




Artifacts are distortions of the ECG superimposed over the rhythm of the pa 
none. They ire usually due to a technical or mechanical problem and .ire unre 
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laied to actual cardiac events within the patient. An artifact can severely inhibit 

one’s ability to interpret an ECG. 5 Therefore, it is imperative to recognize and 

minimize or eliminate these distortions. 
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An ECG machine is a piece of electrical equipment that needs to be prop- 
erly grounded. If it is not, the machine will detect an alternating current from 
the wires that supply electricity to it, as well as other devices in the room, and 
record a regular sequence of 60 sharp up-and-down waves per second. This is 
called 60-cycle interference. There are a number of ways to troubleshoot this 
problem. First, make sure the power cord is properly grounded by using a three- 
prong cord into a three-hole wall outlet. Second, make sure all of the electrode 
clips are clean and securely attached to the patient as well as to the cable going 

to the machine, A separate electrode may be provided to ground the patient to 

the machine. This should also be attached securely. Do not use excessive 

amounts of alcohol in this process. Third, it may be necessary to unplug nearby 
equipment or turn off fluorescent lights. Electrically heated cages will cause inter¬ 
ference and may need to be turned off. Fourth, prevent electrodes from touching 
together by separating the patient's legs slightly. Finally, make sure there is a 
rubber mat underneath the patient r you are using a metal suiface. 
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Motion from the patient, either as shivering, muscle twitching, cat purring 
or struggling will cause artifacts in the form of irregular motion in the baseline. 
Therefore, it is essential that the patient be as relaxed as possible. Take time to 

calm the patient and determine whether it is more beneficial or detrimental to 
have an owner in the room. Make sure that the electrodes are not causing pain. 
Sometimes gentle manipulation of the larynx will stop a cat from purring. 5 Also, 

blowing in a cat's face lightly or waving an a lcoho 1 - soaked cotton ball near its 
nose will deter a cat from purring. It necessary, you can place your hand over 
the chest wall and apply moderate pressure to minimize trembling temporarily 

to improve the quality of the ECG recording. 59 As a last resort, try decreasing 

the sensitivity to minimize the artifact. 
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A wandering baseline is caused by a fluctuation in resistance between an 
electrode and the patient. The most common cause for this is respiratory patterns 

and coughing. There are three potential options to correct this problem. First 

move the limb leads to below the elbow on the forelimbs and below the stifle 
on the hindlimbs to minimize chest motion interference. Second, many of the>e 
patients will improve greatly if allowed to stand or sit in sternal recumbency 

instead of lateral recumbency. Although this will affect the evaluation of wave 

amplitude, it will not affect rate and rhythm interpretation. Finally, try to hold 
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the patient’s mouth shut for 5- to 4'second intervals, just long enough to get a 
decent recording. 


Obesity will cause a generalized low-voltage QRS complex. The low voltage 
is due to the increased distance of the heart from the recording electrode. 


5 


Before evaluating an EGG one should have a basic understanding of the compo¬ 
nents that make up the P-QRS-T complex including the source of origination 

and expected duration and deflection. 

• ’ wave: The P wave represents atrial depolarization. The width of a P wave 

delineates the time it takes for an impulse to pass from the SA node to the 


in 


is 


18-4 >. 


PR mtervoi: The PR interval represents the time in which the electrical im¬ 
pulse is traveling from the SA node through the AV node to the ventricles. 

It is during this time that the ventricles are 

QRS complex: The QRS complex depicts septal, left, and right ventricular 
depolarization. Within this complex the Q wave is the first negative deflec¬ 
tion, the R wave is the first positive deflection, and the S wave is the first 
negative deflection following an R wave. If there is no R wave and only 
negative deflections, this is termed a QS wave In dogs and cats the overall 


expected deflection in lead II is positive (see Fig. 18-4) 


ST segment : 1 he ST segment represents the early phase of ventricular repolar- 
ization. In dogs and cats there should be minimal elevation or depression 

from the baseline (sec Fig. 18-4). 

7 nave: The T wave represents ventricular repolarization (relaxation). In 


dogs and cats it may be positive 


notched, negative, 


or 




18-4 . 


wave: A U wave is a small deflection that may appear immediately follow 

ing the wave. In humans it has been associated with hypokalemia. 

J point: The J point represents the termination of ventricular depolarization. 


U 


5,10 


5 


Notchingof the QRS: Trie QRS is considered “notched” when it displays more 
than one turning point within the same deflection. For instance, if on the 
downward side ot the R wave there is a momentary' deviation in the upward 

direction that then reverts back to the original direction (down) and contin¬ 
ues to the baseline, this is a notched QRS. 


ii 


A M A 

ANA 

When analyzing an EGG it is helpful to get into the habit 
the same steps each time. This will increase familiarity with normal tracings 


f 
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Figure 

Normal ECG complex represented at a paper speed of 50 mm/sec. 


include the following: 


and improve recognition of abnormal tracings. The ste 

(1) calculate heart rate, (2) interpret rhythm, (3) measure duration and ampli 

tude, (4) identify effects of electrolyte abnormalities, (5) establish mean electri 

cal axis, and (6) identify effects ot atrial and ventricular e nlargement. 


i 




Both atrial and ventricular heart rate should he determined using a lead 
rhythm strip. There are a variety of ways to calculate a heart rate. Choose the 
one that is most appropriate based on the following situations. 


When the heart rate is irregular and: 


The paper speed is 50 mm/second—Starting with the R wave that lines up 
to the first line of a heavy inked square (the 5X5 mm square) count 30 
heavy inked squares. This represents 1 seconds in duration. Now count the 


1. 
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number of R waves that occur within this 3 seconds and multiply by 20. 
This will give you a ventricular rate per minute, bu can then do this using 
the P wave to get the atrial rate. 

2. The paper speed is 25 mm/sec—Same as above except multiply by 10 (in- 

stead of 20) to get the final rates because 30 squares now equals 6 seconds. 


When the heart rate is regular and: 


The paper speed is 50 mm/sec—Count the number of small squares (the 
lXl mm square) that occur within one R-R interval and divide that num¬ 
ber into 5000 for the ventricular rate. (1 here are 3000 squares within a 1- 
minute time span at this paper speed.) Do the same with P-P intervals for 
the atrial rate. 

2. The paper speed is 25 mm/sec—Do the same as above except divide the 

number into 15C0 (instead of 3000) for the rates. (There are 1500 squares 
within a 1-minute time span at this paper speed.) 


1 . 


When evaluating cardiac rhythm, inspect all rhythm strips in every lead 
recorded. Start with a general inspection for arrhythmias. Do they exist? Are 

they frequent or do they only occur occasionally? Are they predictable? Is it a 

regular pattern or irregular? Evaluate the overall complexes for electrical al- 
temans, whic h is a [pattern of alternating amplitudes of the ECO complexes. 
Most commonly a 1 temans is a variation in height of the QRS complexes. 

Second, evaluate the P waves. Are they present? Do they occur at regular 
intervals? Are they uniform or multiform? 

Next, evaluate the QRS complex. Does it have a varying configuration or 
do they all look the same? Is it wide or narrow? 1 hen evaluate the relationship 
between the P waves and the QRS complex. Is there a relationship or do they 
exist independently of each other? Is there a P wave for every QRS and vice 
versa? Is there a shortened, prolonged, or varying interval between the P and 

the QRS? Next, evaluate whether the ST segment is elevated or depressed from 
the baseline. Is there a slurring or coving of the S wave into the T wave? Finally, 

inspect the T wave. Is the polarity consistent? Are the waves excessively large 
or small? 


12 






Measuring duration and amplitude of waves and intervals is the next step 

in ECG analysis. For this step to be accurate it is necessary for the patient to 
have been placed in right lateral recumbency with the legs extended at a 90° 

angle from the body and separated slightly. If this position is not possible, then 
the measurement of the amplitude will be altered, but duration and interval 

measurements are still accurate. Calipers are helpful for making the appropriate 

measurements. When taking measurements do not include the width of the line. 
Once the width of a wave or interval is known it should he converted into 
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Normal Values 




ft « 


Heart rate (beats/min) 


Giant breeds: 60-140 


Asleep (100)-excite<J 
(240) 


Resting to excited 


Adult dogs: 70-160 

Toy breeds: 80-180 
Puppies: up to 220 

Width: 0.04 sec 

Height: 0.4 mV 


P wave (upper limit) 


Width: 0.04 sec 

Height: 0.2 mV 

0.05-0.09 sec 


PR interval 

QRS complex (upper limit) 


0.06-0.13 sec 


Width: 0.06 sec 
Height: 3.0 mV 


Width: 0.04 sec 

Height: 0.9 mV 
0.07-0.20 


QT interval (dependent on 

heart rate) 


0.15-0.25 


No > 0.2 mV elevation or 
depression 

Positive, negative, or di¬ 
phasic 

+40° to +100° 


No elevation or de¬ 
pression 

Positive, negative, or 

diphasic 
0° to + 160° 


ST segment 


T wave 


Mean electrical axis 


From Kittleson MD, Kienle RD: Small Animal Cardiovascular Medicine, St Louis, CV Mosby, 1998.) 


seconds. The paper speed must be known. (At 50 mm/sec piper speed a l-mm 
square = 0.02 seconds and at 25 mm/sec paper speed a 1-mm square 

seconds.) When measuring amplitudes of waves, die height should be determined 

in mV (1 mm = 0.1 mV). Table 18-5 lists normal values. 


0.04 


Electrolyte imbalance can cause 

import ,mt electrolytes related to these abnormalities are potassium (K*), calcium 

(Ca ++ ), and magnesium (Mg ++ ). 

Potassium is an integral component of electrical conduction at the cell mem¬ 
brane level. Therefore, numerous potential ECG abnormalities may be seen when 

inappropriate levels of K* exist, in the case of hypokalemia, possible abnormalities 
include a prolonged PR interval or QRS complex (or both), tall P waves, or a flat¬ 
tened or inverted T wave. 11 Sinus bradycardia, first-degree AV block, paroxysmal 

tachycardia, and AV dissociation are potential arrhythmia's due to hypokalemia. 
On the other hand, hyperka 1 emia is associated with peaked T waves, prolonged 

PR intervals, absent P waves, and prolonged QRS complexes. 1 ' Arrhythmias that 

may be noted with excessive K* levels include bradycardia, atrial standstill, third- 
degree heart block, ectopic ventricular beats, and ventricular fibrillation. 

Changes in calcium primarily affect QT intervals. In the case of hypocal¬ 
cemia, the QT interval will be prolonged. In the case of hypercalcemia, the QT 

interval will be shortened. 14 


The most 


numerous \ 
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Abnormal magnesium levels can cause numerous dysrhythmias. Hypomag¬ 
nesemia may cause supraventricular tachycardia, torsades de pointes, ventricular 
tachycardia, or ventricular fibrillation. 13 Hypermagnesemia tends to cause de¬ 
layed conduction. This will be demonstrated as a prolonged PR interval and may 

progress to third-degree AV block. 


n 




The mean electrical axis (MEA) refers to the average direction of the elec¬ 
trical potential generated by the heart during the entire cardiac cycle. 15 In veteri¬ 
nary medicine this information is used mainly to help determine chamber en¬ 
largement ind intraventricular conduction defects, such as bundle branch blocks. 

There are numerous ways to evaluate MEA. The most accurate (and time 

consuming) is to measure the net amplitude of the QRS wave in lead I and the 
net amplitude of the QRS wave in lead HI and plot them each on a graph. The 

graph is meant to be an illustration of the frontal plane of the patient as if it 
were a 360° circle with the horizontal and vertical axis crossing at the point of 
the center of the heart. The horizontal axis is labeled with 0° on the right side 


and 180° on the left side. This would represent lead 1 in the hexaxial lead system 
that travel > across the heart from the right arm to the left arm. The horizontal 

axis is labeled with 


90 ° at the top and +90° at the bottom and represents 

the aVF lead. The remaining leads are similarly plotted as seen in Figure 18-5. 

Using this graph, it the net deflection of lead I was a +5 and lead III was a +9. 

then a point would be drawn representing each of these values on the respective 

axis (lead I and lead Ill). A perpendicular line would then be drawn through 

each of these points, and where the lines intersect would be the direction of the 


MEA (Fig, 18-6). 


A simpler method for determining MEA would be to find the isoelectric 

lead. Evaluate the six limb leads in the hexaxial lead system and decide which 

lead has the sum value of deflection equal to zero (deflections equal distance 
above and below the baseline). This is called the isoelectric lead. If this lead 


exists then the MEA must be perpendicular to this axis. For instance, if the 
isoelectric lead is aVL then the perpendicular axis would be lead II. If the net 

value in lead II is positive then this animal's MILA would be +60°. If two leads 
are isoelectric, the smaller lead should be used. When no leads are isoelectric 
then MEA cannot be determined in the frontal plane. 

A third method for determining MEA would be using the axis with the 
largest deflection. This method is based on the assumption that the lead with 

the largest QRS deflection runs parallel to the MEA. If the deflection is down 

ward then the MEA will follow the axis on the negative side and it k is deflected 
upward it will follow the positive side. For instance, if the largest deflection is 

in aVF and deflects upward, then the MEA would be +90°. If there are two 
leads of equally high QRS deflection, then the axis will generally lie between 

the two lead axes. To demonstrate, if lead II and aVF were equally deflected in 
a positive manner, then the MEA would lie between +60° and +90°. Although 
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Figure 

The hexaxial lead system for both dogs and cats illustrating the frontal plane of 

tient in a 360° circle. A is the three standard bipolar leads, B is the three unipolar 

leads, C and D show these superimposed on each other with the dog and the cat 

and the degree markings. (From Tilley IP; Essentials of Canine and Feline Electrocardi 
ography, 3rd ed. Philadelphia: Ilea & Febiger, 1992.) 


Kith 


these last two methods are not precise, they are generally accurate enough to 
determine right and left axis deviations. 

In dogs and c ats a right axis deviation can be associated with right ventricu¬ 
lar hypertrophy or right bundle brand blocks. Left axis deviations in dogs and 
cats can be associated with hypertrophic cardiomyopathy, as well as some other 

ventricular diseases, left anterior fascicular blocks, and hyperkalemia. However 

it is most likely associated with diffuse disease of the myocardium or the left 

bundle branch or both. 7 
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Enlargement of heart chambers can cause alterations in ECG complexes. 
For instance, left atrial enlargement may cause increased width in P waves, 

whereas right atrial enlargement may cause an increase in the height oi the P 
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Figure 18-6 

Determining mean electrical axis. First determine the net deflection for lead I 
lead III as shown 

respective lead originating from these net deflection points. Finally, draw a line from 
the center point of the grid to the point of intersected perpendicular lines. This will 
approximate the direction of the MEA {in this case about 70 ). (From Tilley LP: Essen 

tials of Canine and Feline Electrocardiography, 3rd ed. Philadelphia: Lea & Febiger 

1992.) 
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wave. A tall, wide, notched P wave is consistent with biatrial enlargement. Left 

ventricular enlargement can cause a left axis deviation, ST slurring or coving, 

widened QRS complexes, or increased amplitude of R waves. Right ventricular 
enlargement is characterized by a right axis deviation and S waves in leads L II 

III, and aVF. 12 
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Harold Davis 


Blood gases are obtained to determine ventilation, oxygenation, and acid-base 
status. Arterial blood gases and acid-base status are used to evaluate the progress 

of therapy and to indicate when adjustments are necessary. 










Until recently blood gas analysis was labor intensive and cost prohibitive 
in private practice veterinary medicine. Point of care testing (POCT) of blood 

gases is designed for human hospitals to reduce turnaround time of test results, 

streamline processes, increase staff efficiency, and reduce overall operating costs. 

Currently there are two 1 X T pH and blood gas analyzers that are affordable 

and easy to run: the i-STAT (I-STAT Corporation, East Windsor, N1 1 and the 
IRMA SL blood analysis system (Diametrics Medical, St. Paul, MN). Both units 

are hand-held, user-friendly portable units that can operate on battery power. 

Each test cartridge contains its own electrode or sensor. I he advantage of the 

self-contained electrode/sensor is that protein build-up or drift is eliminated 
both of which can affect laboratory results and incur technician maintenance 
time. Minimal technician time is invested in analyzer maintenance. The initial 
purchase cost of the POCT analyzers is about one sixth the cost of the bench-top 
analyzers with many of the same testing capabilities. An alternative to owning an 

analyzer is to take the blood sample to a human hospital or veterinary facility 

which can run those tests. Arrangements perhaps can be made wherein they 
will run the sample for a minimal fee. 


> 


i 


The dead space of a 3-mL syringe is coated with lithium or sodium heparin 

; excess heparin is expelled from the syringe. A cork and alcohol 
swab are obtained. Commonly used sites include the dorsal pedal artery, femoral 

artery, and the sublingual artery. The collection site of choice is the dorsal pedal 

artery because it will be easier to control bleeding when compared to the femoral 
artery. In the unconscious or anesthetized patient the sublingual artery may be 
used. 


(1000 U/mL) 
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The site is propped and the artery is palpated. A 25-gauge needle is used. 
The needle is held at a 45° angle over the site where the pulse is strongest. The 

skin and arterial wall are punctured in one motion following the path of the 

artery, or in a two-step fashion: skin first then artery. Watch for a I 

blood in the needle huh and then gently aspirate the sample. A 1 
sample size will be needed. Once collected, air is expelled from the syringe and 
rhe syringe is capped with the cork. The sample is then mixed and placed in an 
ice water bath and transported to the laboratory. 










Arterial blood gas sample may be collected from an arterial catheter. It is 
necessary to clear rhe catheter of heparinized saline. A three-syringe technique 

is used. The first syringe is attached to an access port in the arterial catheter or 

extension tubing. Fluid is aspirated into the syringe (—2-3 cc) until all nonbl< 
fluid is removed from the catheter and tubing 

is attached and sample for blood gas analysis collected. Following collection, the 

aspirated saline solution is recycled. The final syringe contains 3 ml heparinized 

saline which is used to flush the line until no evidence of blood remains. 




.* The sample collection syringe 


Samples stored in an ice bath for up to 4-6 hours show very' little change 

in pH and PCO 2 /PO 2 . Samples held at room temperature will show significant 
changes in PO 2 after 12 minutes, and significant changes in acid-base values 
will occur after 30 minutes. 




















The pH is an inverse logarithmic expression of hydrogen ion concentra 

tion. It is a 

(carbon dioxide). An increase in 

pi 1 and visa versa. The pH can be calculated using the Henderson-1 l isselbalch 

equation: 




2 


t 


ions is associated with a decrease in 


pH = pKa 4- log [HCOJ/[total CO : ] 


lr is the ratio rather than the absolute values forHCOj and total CO 2 that deter 
mines pH. As long as rhe ratio of the equation is 20:1, pH will be 7.40 or 

The pH decreases or increases when the ratio 
20:1, respectively. 

The pH is regulated through several mechanisms. In the intracellular anti 
extracellular fluid compartments the two major buffer systems that protect pH 
are proteins and the HCO* buffer system. Other mechanisms include respiratory 
and renal regulation. Proteins can act as acids or bases. They contain ionizable 


is less than 20:1 or greater than 
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groups that can release or bind H + ions. In the HCO* buffer system, carbonic 
acid is a weak acid and HCOi is a weak base: 


\ 


HO + CO: H;CO 


H + + ICO 


* 


i 


When extracellular H* ions increase they move intracellularly tor buttering 


and K 

a role in acid -base regulation through the elimination of C0 2 • The kidneys 

regulate acid-base balance through hydrogen and HCO> elimination or conser- 


moves out of the cell in exchange for H + . The respiratory system plays 


ration. 


The pH is an indicator of the net H + balance. The normal pH range is 


7.35 to 7.45. A pH less than 7.35 is known as acidemia (condition in the blood) 


and the overall process is acidosis. A pi 1 greater than 7.45 is known as alk ileinia 

in the Mood) and the overall process is known as 


2 


The PaCOj is the partial pressure of CO 2 dissolved in the plasma ot arterial 
blood and is reported in mm Hg. It reflects the balance between alveolar minute 
ventilation and metabolic CCh production. Alveolar ventilation is the amount 

of air that reaches the alveoli and participates in gas exchange. 

The normal range of PaC0 2 is 55 to 45 mm Hg in the dog at sea level. 

A PaCOtless than 55 mm Hg is known as hypocapnia or respiratory alkalosis. 
H\pocapnia (condition in the blood) or respiratory alkalosis is caused by alveolar 
hyperventilation. A PaC0 2 greater than 45 mm Hg is known as hypercapnia 

(condition in the blood) or respiratory acidosis. Hypercapnia or respiratory acido- 
sis is caused by alveolar hypoventilation. 


3 


Two values can be used to assess the metabolic component of acid-base 

balance. They are HCOj or base balance (base excess or deficit). HCOj is uv 
creased or decreased due to many mechanisms. Base excess/deficit provides a 

quantitative estimation of surplus acid or base. t is defined as the titratable base 

or acid, respectively, when titrating to a pH of 7.40 under standard conditions 

mm Hg and 58°C) and complete hemoglobin saturation. 

The normal ranges for HCOj and base balance are 18 to 24 mmol/L and 
0 ± 4 mEq/L respectively, in the dog. An HCOj less than 18 mmol/L or a base 
deficit less than —4 mEq/L reflects metabolic acidosis and an 1 ICO? greater than 

24 mmol/L or a base excess greater than 4 mEq/L reflects a metabolic alkalosis. 


(PC0 2 40 


. 


The PaOj is the partial pressure of oxygen (0 2 ) dissolved in arterial blood 

.uni i" reported in mm Hg. PaO ; doe> not reveal how much O is m the Mood 


The normal range for PaO| is 80 to 110 mm Hg assuming the patient is 
breathing room air at sea level. A PaC^less than 80 mm Hg is considered hypox- 
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Arterial and Venous Blood 
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emia. A Pa0 2 less than or equal to 60 mm Hg is the minimum value at which 
therapy is initiated. 

As the altitude increases and barometric pressure decreases, the partial pres^ 

sure of 0 2 in the atmosphere is reduced. At increased altitude Pa0 2 decreases. 

A rough rule of rhumb is that the PaO* will decrease 4 mm Hg per 1000 feel 
increase in elevation (Personal communication, Craig Cornell, BS, RVT, VTS 

[ECC]). An example of this effect is that the normal Pa0 2 reported in dogs in 
Fort Collins, CO is 70.3 to 84.0 mm Hg. 2 Those values were reported at an 

altitude of 1500 meters (4921 feet) with a mean barometric pressure of 635.8 

4.4 mm Hg. 
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Usually, blood gas samples are analyzed at 37°C; seldom is the patient’s 

temperature the same as the blood gas analyzer. Traditionally we have corrected 

blood gases to account for the temperature difference, so that we would know 

the values at the patient’s temperature. Temperature-corrected values may be 

used in those cases where one wants to compare MckkI gas results over varying 
temperature changes of the patient. If the clinician is correcting abnormalities 
based on normothermic reference points, then it is not necessary to correct blood 

gas values. Hypothermia (37°C reference) results in elevated pH and decreased 

Pa CO: and Pa0 2 ; the reverse is true for hyperthermia. To correct or not to correct 

is debatable. Whether you correct or not, one point is important: Sequential 
bloc I gases in a patient should be handled in the same way. 
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Consideration is first given to pH. Is the patient normal, acidemic (pi 1 

< \3 >), or alkalemic (pH >7 45)? 




Next evaluate the respiratory component. Is the respiratory component nor- 

mal or does that patient have a respiratory alkalosis and hypocapnia (PC0 2 <35 

mm Hg) or a respiratory acidosis and hypercapnia (PC0 2 >45 mm Hg)? 




Evaluate the metabolic component. Is the metabolic component normal or 

does that patient have a metabolic acidosis (HCO* <18 mmol/L or base deficit 
<—4 mEq/L), or metabolic alkalosis (HCOj >24 mmol/L or base deficit >+4 


mEq/L)? 




M 


T Si 




d 


*1 


If possible, we need to determine which component (respiratory or meta¬ 
bolic) is the primary contributor. Generally, the pH will vary in the direction 
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Compensation 


in 


Acid 


Each 1 mEq/L decrease in HC0 3 will decrease PC0 2 by 0.7 

mm Hg 

Each 1 mEq/L increase in HC0 3 will increase PC0 2 by 0.7 

mm Hg 


Metabolic acidosis 


Metabolic alkalosis 


Respiratory acidosis 

Acute 


Each 1 mm Hg increase in PC0 2 will increase HCO, by 0.15 
mEq/L 

Each 1 mm Hg increase in PC0 2 will increase HCO, by 0.35 
mEq/L 


Chronic 


Respiratory alkalosis 
Acute 


Each 1 mm Hg decrease in PC0 2 will decrease HCO } by 

0.25 mEq/L 

Each 1 mm Hg decrease in PC0 2 will decrease 

0.55 mEq/L 


HCOj by 


Chronic 


of the [primary disorder. The other component is the secondary or compensatory 

component attempting to restore pH to normal. When both components vary' 
in the same direction, as the pH, both components are primary. 

Rather than use the above method of determining the primary or compensa- 

tory components of acid-base disorders, some clinicians will determine if ex¬ 
pected compensation has occurred before they define the acid-base disorder. 

They will 

compensation and compare that to actual numbers. 3 If the patient meets ex¬ 
pected compensation values within ± 2mm Hg or mEq/L, the patient is said to 
have one acid-base disorder (the primary disorder: metabolic acidosis/alkalosis 
or respiratory acidosis/alkalosis) and compensation is implied. It the patient does 

not meet the expected compensation, then it is said to have a mixed acid-base 
disorder. Given a pH 7.26, PaCOj33 mm Hg, and HCOj 14 mmol/L, according 

to the expected compensation rule, this patient has a metabolic acidosis. No 

mention is made of respiratory compei\sation because according to Table 19-1 
it represents appropriate compensation. In another example, given a pH 7.30, 

PaC0 2 25 mm Hg, and HCO* 13 mmol/L, it does not meet the expected compen¬ 
sation value; therefore it has a mixed acid—base disorder (primary metabolic 

acidosis and respiratory alkalosis). 


guidelines for compensation (Table 19-1) to determine expected 


use 




Look at the Pa0 2 ; does the Pa0 2 show hypoxemia (Pat \ <80 mm Hg, 
assuming breathing room air)? 
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The alveolar-arterial 0 2 difference (A-a P0 2 ) also known as the A-a gradi- 
enr measures the difference between the 0 2 tension in the alveolus (A) and the 
artery (a). 

The equation provides information on the efficiency of the transfer oxygen 
into the blood. It is an assessment of venous admixture. Venous admixture is 

the collective term for all the ways in which blood can pass from the right to 
the left side of the heart without proper oxygenation. Normal A-a P0 2 is 10 

mm Hg when the fractional inspired oxygen concentration (FI0 2 ) is 0.21. (FIC) 2 

is the fraction of inspired 0 2 expressed as a decimal.) A higher A-a P0 2 demon¬ 
strates a decreased ability of the lung to oxygenate bit J or venous admixture. 

Evaluation of A-a PO* is most accurate and reliable with the patient spontane¬ 
ously ventilating and the FI0 2 is 0.21, 4 To assess A-a P0 2 the alveolar 0 2 (PA0 2 ) 

must be calculated. PAO 
is the partial pressure of inspired D> expressed in mm Hg; 1.2 is a constant used 
to take into account the normal respiratory quotient; in this equation PaC0 2 is 

used to represent alveolar C0 2 ; Pb is barometric pressure; and 47 is the water 
vapor pressure value. The difference between Pa 0 2 and the measured Pa0 2 is 

the A-a P0 2 . A Ntmplified version of r:ie alveolar air equation is to dd the 

measured values of PaC \ and of PaCO*. If the added value is less than 12 3 mm 
Hg there is venous admixture; the lower tie added value the greater the magni¬ 
tude of the venous admixture. 5 This assumes that the patient is at sea level, has 

a normal body temperature, and is breathing room air. 


P10 2 - 1.2 (PaC0 2 ). PI0 2 = F10 2 (P B = 47). P10 2 


2 




r zrr 


air 


When the inspired O concentration exceeds 21%, expected Pat > values 
are different. To determine the expected Pa0 2l multiply the inspired 0 2 concen¬ 
tration by 5. Thus the expected Pa0 2 on 60% 0 2 should be at least 300 mm Hg 

(60 X 5). The expected Pa0 2 value represents the 0 2 level achievable in the 

normal healthy lung. Actual PaO- values that fall below the expected value sug¬ 
gest poor lung function. 


/ 


n 


The Pa0 2 /FIOj ratio is another index < t hypoxemia. A ratio less than 300 
indicates a severe defect in gas exchange. A value less than 200 meets the criteria 
for acute respiratory distress syndrome (given the proper clinical conditions) 
Assuming PaC0 2 is reasonably stable, this ratio is a useful assessment parameter 
in patients with varying Pa0 2 and Fit values. 






rn 


Finally we need to look at the total picture. Do these lab values fit the 

clinical picture and history? Remember numbers alone do not tell the whole 
story. 
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be free flowing to avoid acid metabolites from venous stasis and muscular activity 
when the vessel is held off. Pressure on the vessel should be released after the 

venipuncture has been achieved. One study looking at lingual venous samples 
collected in normal dogs undergoing routine surgical procedures determined that 

lingual samples were useful in assessing acid-base status except in low cardiac 
output states. 

There is good correlation between venous and arterial pH. Venous PCO? 
is approximately 3 to 6 mm Hg higher than arterial in stable states* It is a reflec¬ 
tion of tissue PCCX Venous PO^ is a reflection of tissue PO 2 and does not corre- 
late with arterial PO>. Normal range is 40 to 50 mm Hg. Values below ^0 mm 

Hg suggest decreased 0 2 delivery. Values greater than 60 mm Hg suggest reduced 

O 2 extraction by the tissues. 
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Monitoring the Critically III Animal 


Eric Monnet 


The principal function of the heart is to transport an adequate amount of oxygen 

(O 2 ) from the lung to die peripheral tissue to maintain organ metabolism. Be¬ 
cause O 2 delivery is a function of cardiac output (CO) and Oj content of the 

blind, evaluation of cardiac function is important for the optimization of Oi 
delivery. Cardiac function depends of heart rate, preload, afterload, and contrac- 

tility. Evaluation of these different parameters is important to obtain a correct 

CO. 










Heart rate can be monitored by palpating the apex impulse on the chest wall 

or the arterial pulse, auscultation, recording arterial pul^ waves on a monitor, 
or with an electrocardiogram (ECO). 

l~he CO depends on stroke volume and heart rate although the heart rate 

does not correlate directly with CO. Heart rates outside the normal range, high 
and low. are associated with reduced CO. Trends in rate reflect variation of 
cardiac function. A high resting heart rate or an increased rate with time indi¬ 
cates hypoxemia of the myocardium, deterioration of cardiac function, or hypo¬ 
volemia. Bradycardia reduces O* transportation and allows development of myo¬ 
cardial ischemia that may lead to ventricular dysrhythmias. 

Heart rhythm influences heart rate and CO. Ventricular dysrhythmias can 
elevate heart rate hut reduce arterial pressure and CO (Fig. 2CM). Because opti¬ 
mal O; delivery is important, control of heart rhythm and rate is important. 

ilpation of the apex impulse or the arterial pulse detects cardiac activity 

but may be inaccurate in the obese patient or patient in shock. Palpation might 
assist in the detection of dysrhythmias. Auscultation gives an accurate reading 
of the heart rate. The ECG gives valuable information on heart rate and cardiac 
rhythm. 


Arterial pulse can he palpated from the femoral, lingual, brachial, dorsal pedal, 

and median coccygeal arteries. The femoral artery is most commonly used. Arte¬ 
rial pulse is the product of left ventricular contraction. Its character depends on 

stroke volume, rate and force of ejection, and vascular tone* Palpation of the 
femoral pulse allows quick and easy subjective evaluation of cardiac function. 
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ill 


Normal 


Cats 


in Dogs 


Normal Value 


Units 


Variables _ 

Arterial pressure {systolic/diastolic) 

Mean arterial pressure 
Pulmonary artery pressure (systolic/diastolic) 
Mean pulmonary artery pressure 
Pulmonary capillary wedge pressure 
Central venous pressure 

Cardiac output 

Arterial oxygen tension (PaO*) 

Mixed venous oxygen tension (Pv0 2 ) 

Arterial oxygen saturation 
Mixed venous oxygen saturation 

Arterial oxygen concentration (0aO 2 ) 

Mixed venous oxygen concentration (Cv0 2 ) 

Oxygen extraction ratio 


120/80 


mm Hg 


80-95 


mm Hg 


30/10 


mm Hg 

mm Hg 
mm Hg 
cm H 2 0 
mL/min/kg 
mm Hg 

mm Hg 


10-20 


4-9 


0-5 


100 


80-95 


35-50 


% 


96-99 


% 


65-75 




12-15 


% 


25-30 


0.736 cm H,0 


1/1 36 cm H,0 


1 mm Hg 


Palpation of proximal and distal arterial pulses allows a crude estimate of bit 
pressure. Variation of the quality of the pulse over time gives quick information 
on the progression of the cardiac function and the response to treatment. The 

weaker the proximal pulse and the more difficult it is to palpate the distal pulse, 

the lower bl 




pressure. 




CVP is a reflection of intravascular blood volume, cardiac function, venous com¬ 
pliance, and intrathoracic pressure. Central venous pressure (CVP) is recorded 
most commonly from a catheter with its tip in the cranial or proximal caudal 

vena cava or from the proximal lumen (right atrium) of a pulmonary artery 

catheter. A jugular catheter in the a cat or small dog can give an adequate 
measurement of the CVP because the tip of the catheter will be close to the 
right atrium. lk)th methods yield similar pressure waveforms, and for clinical 
purposes, CVP and right atrial pressure are considered to be identical. 1 CVP is 

between 2 and 3 mm Hg (Table 20-1). Because of its simplicity and availability, 

CVP is commonly measured to guide fluid therapy in critically ill medical and 

surgical patients. 

The normal CVP waveform consists of five phasic events, three peaks (a, 

c, v) and two descents (x, y) (Fig. 20-2). 23 The a wave results from atrial contrac¬ 
tion. It follows the P wave on the ECG. The c wave is due to the ventricular 
contraction and bulging of the tricuspid valve in the right atrium. It follows the 
R wave of the ECG. The x wave results from the reduction of atrial pressure at 
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I 


the end of systole due to atrial relaxation. The last atrial peak, v wave, results 

from atrial tilling during late diastole. It follows the T wave on the ECG. Finally, 
the atrial pressure decreases with y descent due to right ventricular filling after 
opening of the tricuspid valve. 


4.5 




Arterial pressure is a function of CO and vascular resistance. 


AP=COx SVR 


where AP is the mean drop of pressure, CO the cardiac output, and SVR the 

systemic vascular resistance. 


AP = P. - P 




where P, is the arterial pressure and P 

the first equation becomes: 


is the mean venous pressure. Therefore 


vc 


P. - P w = CO X SVR 

P. - CO x SVR + P 




This equation is true for a continuous blood flow. It is common to replace AP 
by the mean arterial pressure (MAP). MAP is estimated also with the following 
equation: 


MAP = DAP + (SAP - DAP)/3 


where MAP is the mean arterial pressure, DAP the diastolic arterial pressure, 
and SAP the systolic arterial pressure. 

Arterial pressure reflects overall circulatory status but lacks diagnostic speci¬ 
ficity. Arterial pressure falls after hypovolemia from blood or fluid loss, cardiac 
failure, sepsis, acute trauma, anaphylactic reactions, neural lesions, and terminal 
stage of systemic diseases. Systemic arterial pressure is commonly affected in 
critical care patients, especially after trauma or during shock. Reduction of arte¬ 
rial pressure leads to multiple organ failure if not treated. Modifications of arterial 

blood pressure should be monitored and treated in the critically ill patient to 

prevent multiple organ failure. 

Increased arterial pressure can then be due to an augmentation of vascular 
resistance (vasoconstriction) or an augmentation of CO. Therefore, an augmen¬ 
tation of arterial pressure is not always equivalent to an augmentation of tissue 

perfusion. Mucous membranes should be evaluated for their color and extremities 
for their temperature. 

Arterial pressure can be evaluated either with a direct technique (arterial 
catheter) or with an indirect technique (Doppler or oscillometry). Direct mea¬ 
surement also allows collection of blood samples for blood gas analysis. However, 
it is more invasive and requires electronic equipment for monitoring. 

Direct blood pressure is measured following placement of a catheter in the 

dorsal pedal artery, the medial auricular artery, or a coccygeal artery in the ven- 
tral part of the tail to monitor arterial pressure in the ICU. lie femoral artery 
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can be used but its catheterization is associated with potential for complications 

such as hematoma. 

After preparation of the skin with standard sterile technique, an 18- or 20' 
gauge catheter can be introduced in the artery. A 24-gauge catheter can be used 
for cats and small reed dogs. Local anesthesia can be performed with a 2% 
lidocaine local block. After palpation of the pulsation in the artery, the catheter 

is directed toward the artery. The skin can be penetrated initially by an 18-gauge 
needle to allow an easier introduction of the catheter through tough skin. If the 
artery cannot he catheterized percutaneously a cutdown is performed to place 
the catheter. After catheterization of the artery, a T connector with Luer lock 

is then attached to the catheter. The catheter with the T connector is secured 
to the patient with white tape or even glued to the skin. A light bandage is then 

applied on the catheter. The catheter is then connected to a continuous flushing 
system pressurized at 150 mm Hg. The catheter is also flushed by hand every 2 

hours with 1 to 3 mL heparinized saline. 

Arterial pressure is then measured hv connecting the arterial catheter to a 
pressure transducer zeroed to the level of the right atrium. Short and stiff tubing 

should be used to connect the catheter to the transducer to minimize resonance 
in the tubing. Air bubbles should be flushed from the connecting tubing because 

they will also increase resonance. After connection of the pressure transducer 

to a monitor, pressure tracings can be visualized and SAP, DAP, and MAP mea¬ 
sured (see Fig. 20-2 and Table 20-1). MAP has to be maintained above 60 mm 

Hg to allow perfusion to the kidney, myocardium, and brain. A dicrotic notch 
can be seen on the arterial pressure tracing. It is most commonly visible when 

pressure is measured close to the aorta. The dicrotic notch is due to the aortic 
valve closure or from reflection of pressure wave.* 

Indirect measurement can be performed with either a Doppler or an oscillo- 

metric technique. Indirect measurement of arterial pressure is not as accurate as 
direct measurement. Ti e trends in arterial pressure measurement with the indi¬ 
rect techniques can give valuable information on the critical patient’s status. 1 

Doppler instrumentation, using piezo-elec trie er rstals detects bio* flow over 
peripheral arteries to evaluate the arterial pressure during deflation of a cuff 
placed proximally on the artery. The oscillometric technique detects motion of 
the wall of the artery to evaluate the arterial pressure during deflation of a cuff 

placed proximally on the artery In both techniques, the cuff placed proximo 

on the artery interrupts the blood flow. When the blood flow is re-established 
by deflating the cuff, the arterial pressure can be evaluated. When the pressure 
in the cuff exceeds SAP, no blood flow or motion of the arterial wall occur. 

When the cuff is slowly deflated, pulsatile blind flow is re-established. The 
piezzo-electric crystal detects an audible Doppler signals corresponding to the 

systolic pressure. The oscillometric device detects oscillation of the wall of 

the artery and a systolic pressure is determined. Maximum amplitude of the oscil¬ 
lation corresponds to the MAP. DAP is when the amplitude of oscillation docs 

not change. These indirect techniques are accurate and correlate well with direct 

measurements if a proper cuff width is used. The cuff width should approximate 

40% of the circumference of the limb. Narrow cuff widths yield erroneously high 
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I Monitoring the Critically III Animal 

values for blood pressure, whereas inappropriately wide cuffs yield erroneously 

low values. 6 At low pressures the measurements may not be accurate and it might 

be difficult to identify an artery. 7 Doppler technique accurately measures systolic 

pressure; the osc illume trie technique can measure SAP, DAP, and MAP, as well 
as pulse rate. 

Reducrion of arterial pressure in the trauma or shock patient might he de¬ 
layed by compensatory mechanisms. Arterial pressure decreases after compensa¬ 
tory mechanisms arc exhausted. CO may be reduced for periods up to 2 hours 
prior to any visible changes in arterial pressures. On the other hand, arterial 
pressure might improve with fluid therapy without a change in 1 XX 
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Right-sided cardiac catheterization is performed with a pulmonary artery catheter 

or Swan-Ganz catheter placed in the pulmonary artery. A pulmonary artery cath¬ 
eter usually has three lumens. The most distal lumen is located in the pulmonary 
artery and the most proximal in the right atrium. A third lumen is located in 

the right ventricle and it is used for injection of cold saline during determination 
of CO. If a fourth lumen is present it is used for fluid administration. It allows the 
measurement ot right atrial, right ventricular, and pulmonary artery pressures. 

Pulmonary capillary wedge pressure (PCWP) can he measured. PCWP is an ana¬ 
log to CVP to evaluate the preload of the left ventricle. CO is also evaluated 
with the thermodilution technique. Swan-Gam catheters with fast response 

thermistors are able to estimate right ventricular systolic and diastolic volumes 
and right ventricular ejection fraction. 8,9 If the Swan-Ganz catheter has oxymetry 
capabilities it would also be able to measure O 2 saturation in the mixed venous 
blood. If systemic arterial 0> saturation is known, the O 2 extraction ratio can be 
continuously measured. 10 It is commonly used to differentiate an acute heart 
failure from fluid volume problems. It is also used to monitor the progress of 

therapy in patients with shock and after trauma. 


I 
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A Swan-Ganz catheter is placed through a jugular vein introducer 
Jugular vein introducers are placed using the Seldinger technique. An 8 Fr intro¬ 
ducer and a 7.5 Ft Swan-Ganz catheter are used for dogs. A 5 Fr introducer and 

a 4 Fr Swan-Ganz catheter can he used for cats. After sterile preparation of the 
neck over the jugular vein, sterile towels are used to drape the neck of the pa¬ 
tient. An 18-gauge over-the-needle catheter is first placed in the jugular vein. 

A J-tip guidewire is then advanced through the catheter in the jugular vein. 
The wire can trigger ventricular premature contractions if it is advanced in the 
right ventricle. This is possible in small dogs or cats. The over-the-needle cathe¬ 
ter is removed. A no. 11 blade is used to puncture the skin around the wire to 
allow an easier placement of the introducer sheath. The introducer sheath over 

a vessel dilator is introduced in the jugular vein over the wire. The vessel dilator 
and the wire are then removed and the inrroducer sheath sutured to the skin. 
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Blood is first asri 


« 


■ 


* 


with heparinized saline. Each lumen of the SwarvGanz catheter is flushed with 

heparinized saline and capped with a three-way stopcock. The distal port of the 
Swan-Ganz is connected to a pressure transducer zeroed to the level of the right 
atrium and a pressure monitor. The catheter is advanced through the introducer 


sheath in the right atrium, the right ventricle, and finally the pulmonary artery 


while observ ing the pressure tracing. The position of the catheter tip is identified 


*■ 


t 


is 


* 


c, and v waves (see Fig. 20-2). It 


showing right atrial pressure tracing with a 

then enters the right ventricle. The waveform is recognized by the significant 


9 


* 


increase m s 


inflation of the balloon at the tip, the catheter will float through the right ven 
tricujar infundibulum and the pulmonary valve to end up in 


the right ventri 


as m 


s 


cle, but the end-diastolic pressure is significantly increased co 


r 


ventricular end-diastolic pressure. After proper placement of the catheter, pres 




Figure 20-3 

Electrocardiogram shows right ventricular pressure tracing and arterial pressure trac 
ing in a dog. Diastolic pressure in the right ventricle is close to zero. 
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Cardiovascular Monitoring I Chapter 20 

sure transducers zeroed to the level right atrium can he connected to the different 

ports of the catheter to measure right ventricular pressure and CVP in addition 

to the pulmonary artery pressure. 










Pulmonary artery pressure is a function of pulmonary vascular resistance and 
CO. It is measured with a Swan-Ganz catheter. Mean pulmonary artery pressure 
should he between 10 to 20 mm Hg (see Table 20-1). Pulmonary artery systolic 
pressure is the highest pressure generated by the right ventricle (see Fig. 20-4). 
Pulmonary artery diastolic pressure reflects pulmonary vascular resistance.' Pul¬ 
monary artery elevation mostly occurs with pulmonary parenchymal disease, pul¬ 
monary thromboembolism, pulmonary hypertension, and septic shock. Pulmo¬ 
nary artery hypotension is seen commonly in hypovolemic shock. 








The PCWP is measured by wedging the Swan-Ganz catheter with a balloon 

low 


inflated at the tip of the catheter. The balloon occludes antegrade bh 
to a portion of the pulmonary vasculature. Blood flow ceases between the pulmo¬ 
nary' catheter tip and a junction point where pulmonary vein draining the oc¬ 
cluded pulmonary vascular region join other veins in which blood still flows 

toward the left atrium. A static column of bl< 




now connects the wedged pul¬ 
monary artery' catheter tip to the junction point in the pulmonary' vein next to 

the left atrium. Because the resistance in the pulmonary vein is low, the PCWP 
measured is similar to left atrial pressure. During wedging of the catheter, the 
pulmonary artery pressure wave disappears on the monitor and respiratory cycle 

artifacts are then visible (Figs. 20-5 and 20-6). The PCWP shows the a, c, and 

v waves from the left atrium. The PCWP is the pressure at the end of expiration. 
End of expiration on the pressure tracing is different if the animal is breathing 

spontaneously or if it is breathing with a ventilator (see Figs. 20-5 and 20-6). 

The pressure monitor may have an algorithm that recognizes respiratory artifact 
allowing the computer to measure the pressure; however, visual determination 

from a pressure tracing is more accurate. 2 

The PCWP is also called left ventricular end-diastolic pressure because at 

the end of diastole the mitral valves arc opened. Therefore, the pressure in the 

left atrium is similar to the pressure in the left ventricle. It is a good measurement 
of left ventricular preload if the patient does not have mitral v ilve stenosis or 
an occlusion of a pulmonary' vein. Positive end-expiratory pressure induces an 

augmentation of the PCWP. The PCWP is between 5 and 10 mm Hg in the 

normal animal (see Table 20-1). Volume loading, pulmonary edema, mitral valve 
regurgitation, and congestive heart failure result in an augmentation of PWCP. 
Serial measurement of the PCWP is mostly valuable to judge the effect of fluid 

therapy on left ventricular preload. 
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Cardiovascular Monitoring I Chapter 20 

decay over time. Iced saline is recommended over room temperature saline be- 

cause it induces a more significant variation of temperature in the pulmonary 

artery. For a dog of 30 kg* it is better to inject a 10-mL bolus of iced saline* 
whereas for a smaller dog and a cat, 5 mL of iced saline is recommended. Three 

goixl quality measurements should be performed and an average taken. The qual- 

tty of a measurement is made by looking at the tracing of the variation of temper¬ 
ature with time (see Fig. 20-7). The curve should show a steep ascending part 

followed by exponential descending part. Normal CO is 100 niL/min/kg in the 

dog (see Table 20-1). 

[ he homogenous mixture or iced saline and blood in the right ventricle 

depends on the rate of injection of the saline, the volume of the right ventricle, 

and the presence of arrhythmias. A fast bolus injection in a small ventricle results 
in a better mixture than if the bolus is performed slowly or in a large ventricle. 
Insufficiency of the right atrioventricular valves results in regurgitation of iced 

saline in the right atrium, which will result in reduction of the slope of the 
ascending curve followed by fluctuation of the descending part. Ventricular pre- 

marure contractions also result in poor mixture of blood and iced saline. Finally* 

CO cannot be measured accurately because iced saline mixed with blood 
will not be ejected fast enough to obtain a correct recording of the temperature 
variation. Measurement of CO can also be influenced by the respiratory cycle. 

It is recommended to perform the bolus injection of iced saline at the end of 
expiration. 14 




Evaluation of cardiac function provides the practitioner with valuable informa¬ 
tion on the hemodynamic status of a critically ill patient. Cardiovascular moni¬ 
toring can be as simple as measuring femoral pulse and as sophisticated as measur¬ 
ing the oxygen extraction ratio continuously. Right-sided cardiac catheterization 
is invasive and should he performed on specific indications. The degree of sophis¬ 
tication has to he adapted to the complexity of the case and the level of techni¬ 
cality of the practice. Monitoring of the cardiac function allows titration of ino¬ 
tropic drugs and fluid therapy. 
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The major function of the cardiopulmonary system is the delivery of oxygen 

(0 2 ) to tissues and elimination of carbon dioxide {C0 2 ) generated by tissue 
metabolism* Rapid and thorough assessment of cardiopulmonary function is a 

core skill in critical care medicine that must be firmly grounded by an under' 

standing of physiologic and pathophysiologic processes within the cardiopulnuv 
nar system. This chapter reviews these processes and provides the clinician with 
a logical framework for assessment of animals with cardiopulmonary dysfunction. 




t 
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* 




The O 2 pathway is a clinically useful concept that provides a logical framework 

for evaluation and treatment of disturbances in the cardiopulmonat v system (Fig. 

21-1). It reduces O 2 transport to a step-by-step process that begins with atmo¬ 
spheric O 2 and ends with O z delivery to tissues. Each step in the pathway is 

important and must be assessed independently to ensure adequate overall cardio¬ 
pulmonary function. The steps of the 0 1 pathway can be viewed as a clinical 

checklist for monitoring cardiopulmonary function in critically ill animals. 
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Ventilation is the mechanical process that causes gas to flow into and out of the 

lungs. Not all gas flow into the respiratory system reaches areas of gas exchange, 

and as a result total ventilation ( Vt) is portioned into alveolar ventilation (Va) 

m 

where gas exchange occurs, and dead space ventilation (Vd): 

Va + Vd 




Vt 


Dead space ventilation includes flow of gas to anatomic areas not normally in¬ 
volved in gas exchange, as well as flow to alveoli that are ventilated but not 
receiving pulmonary blood flow. The former is referred to as anatomic dead space, 
while the latter is physiologic dead space. Anatomic dead space ventilation re¬ 
mains constant, whereas physiologic dead space changes depending on me num¬ 
ber of functioning alveoli. The ratio of Va to Vd changes with the pattern of 

breathing. For example, an animal that is panting can increase Vt and Vd 

several-fold without changing Va. 
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Ventilation <V/\) « Paoto 


Alveolar 0 2 (PaOj) 


Gas Exchange (PA a0 2 ) 


Arterial 0 2 (PaO ? ) 


Oxyhemoglobin Saturation Curve 


0 2 Saturation (Sa0 2 ) X Hemoglobin (Hgb) 


1.34 ml 0 2 / gm Hgb 


0 ? Content (Ca0 2 ) X Cardiac Output (Q) 


0 2 Delivery 


Figure 21-1 

The 0 2 pathway. Inspired 0 2 (PioJ in the atmosphere is transported to pulmonary al¬ 
veoli by the process of alveolar ventilation (Va) to determine the alveolar O a tension 
(PaOj). O. then is transferred from pulmonary alveoli to the pulmonary capillary 

blood by mechanisms known collectively as pulmonary gas exchange to determine 
the arterial 0 2 tension (P*0 2 ). The alveolar-arterial 0 2 tension difference (A-a POJ 

quantifies the efficiency of the gas exchange process. The P*0 2 is the principal deter¬ 
minant of arterial hemoglobin (Hb) saturation (S*0 2 ) in a relationship described by 

the oxygen-Hb saturation curve. Arterial 0 2 content (C a 0 2 ) is principally a function of 

the Hb concentration of blood and $*O r Each gram of Hb is capable of carrying 1.34 

mL 0 2 when fully saturated with 0 2 . 0 2 delivery (Do 2 ) to tissues is a function of C - 0 2 
and cardiac output (Q). 
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The prim.rv drive for alveolar ventilation isi arterial CO_ tension 

Under normal conditions, the central respiratory center drives Va to keep P a CCh 

at 40 mm Hg, regardless of the total volume of C0 2 produced (Vco 2 ) by the 
metabolism of the patient. 1 his relationship of P a C0 2 , Va, and Vco 2 is described 

by the equation (where K is a conversion constant) 1 : 

Vco 


l 




x K 


P.CO 


Va 


* * _ 

By definition, hypoventilation is present when Va fails to match Veo 2 , and as 

a result, P a C0 2 increases (i.e,, becomes >40 mm Hg). Conversely, hyperventila^ 

• * 

non is present when Va exceecs what is necessary to eliminate Vein causing 

P,C0 2 to decrease (i.e. 


becomes <40 mm Hg). 
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Because arterial 0 2 tension (P a 0 2 ) cannot be higher than alveolar 0 2 ten' 

sion (Pa0 2 ), Pa0 2 is important to all subsequent steps in the 0 2 pathway. The 
Pa0 2 is not measured clinically, but is estimated from the alveolar gas equation 1 : 

Pio 


PaO 


p,co 2 /r 


From above equation, ir is apparent that PaO? is a function of the inspired uxy- 
gen tension (Pio 2 ), P a C0 2 (and thereby Va), and the respiratory exchange ratio 
(R). Thus, R is the ratio of C 2 (Vo 2 to Vco 2 . R can be determined by indirect 

calorimetry, but this is not routinely done in the clinical setting. In .1 study of 
dogs undergoing indirect calorimetry, R was found to be 0.76 in postoperative 
or post'trauma dogs compared to an R of 0.84 in normal dogs. 2 For purposes of 

the above calculation, R is generally assumed to be 0.8. The Pio 2 is determined 

by the fraction of iixspired 0 2 (Fio 2 , 0.21 on room air), barometric pressure (Pb, 
760 mm Hg at sea level), and the vapor pressure of water (Ph 2 o, 47 mm Hg at 
100% saturation and body temperature): 


Pio 2 = Fio 2 (Pb - Ph 2 o) 

- .21 (760 - 47) 


150 


Thus, the Pio 2 of room air at sea level is approximately 150 mm Hg. From the 
above equation, it can be seen that either barometric pressure or Fio 2 can alter 

Pio 2 , and in turn, the Pa0 2 . Substantial change in barometric pressure is most 

likely to result from exposure to altitude, whereas Fio 2 is altered clinically by 
administration of supplemental oxygen. Increasing Fio 2 to 40% nearly doubles 
Pio 2 and increases PaO : substantially without any change in Va. 

Alveolar ventilation is the other major determinant of Pa0 2 . The alveolar 

gas equation predicts that an animal breathing room air at sea level with a Pj,C0 2 

of 40 tnm Hg would have a FaOj of approximately 100 mm Hg: 

Fio 2 y Pb - Ph 2 o) 

.21 (760 - 47) - 40/0.8 

150 - 50 


PaO 


p,co 2 /r 


100 


The alveolar gas equation predicts that in animals breathing room air, for every 

1 mm Hg elevation in P a C0 2 , there will be approximately a 1.25 mm Hg decrease 

in Pa )>. 






1 


Adequate ventilation requires central respiratory centers, spinal pathways, 
peripheral respiratory nerves, primary respiratory muscles, pleurahpulmonary 
coupling, and pulmonary mechanical function to be intact or normal. Hypoven- 
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tilation occurs when any component of this pathway is disrupted or abnormal. 

Important causes of hypoventilation include depression or injury of the central 
respiratory center, injury or disease of the neuromuscular apparatus of ventila- 
tion, disruption of pleural-pulmonary coupling, or excessive respiratory work re- 
suiting from abnormal pulmonary mechanics. The major determinants of respira- 
tory worl are airway resistance and lung compliance. Either obstructive airway 
disorders or restrictive lung conditions, or both, can increase respiratory work 

and leae to hypovcntiiiation when they are severe. 










m 
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Clinical assessment of ventilation should include observation of breathing. 
' he fir>t indication that a patient is hypoventdating may come from the simple 

I nervation that ventilatory excursions are |K> >r. Information about abnormal 
pulmonary mechanics is gained from observation of the pattern of breathing. 
Animals adopt a pattern of breathing that minimizes respiratory work. Normal 

breathing balances the major elastic force, lung compliance, with the major vis¬ 
cous force, airway resistance. 1 Elastic forces in the lung are minimized by a rapid 

and shallow breathing pattern, whereas resistance forces in the lung are mini¬ 
mized by a slow and deep breathing pattern (Fig. 21-2). Thus, animals with 
restrictive lung diseases (e.g., pulmonary edema, interstitial pneumonia, pulmo¬ 
nary fibrosis, pleural effusion) will adopt a rapid and shallow breathing pattern, 

whereas animals with airway obstruction (e.g., laryngeal paralysis, bronchocon- 
striction) will adopt a slow and deep pattern of breathing. Obstructive breathing 
patterns are further assessed by observation of the phase of respiration that pro¬ 
duces the most ventilatory effort. Upper airway obstruction causes an exaggerated 

effort during inspiration, whereas lower airway obstruction causes an exaggerated 

effort during expiration. 


Mi 
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Total ventilation is measured directly with a Wright's respirometer attached 

to an endotracheal tube or tight-fitting mask (Fig. 21-3). Tidal volume is the 
volume (mL) of gas expired during each breath and is normally at least 10 mL/ 

kg body weight. Minute volume (Vt) is the total volume of gas expired each 
minute (L/min). If tidal volume or minute volume is low, there is a good possibil- 


Figure 21 

Work of breathing. Airway resistance work increases with respiratory rate, whereas 
elastic work decreases with respiratory rate. Animals generally adopt a respiratory 

rate that balances resistance and elastic work and minimizes the total work of 

lung compliance and 

associated with an increased respiratory rate (de- 
lung compliance). Obstructive respiratory conditions that increase airway 
resistance and work usually associated with a decreased respiratory rate (increased 
airway resistance). 


h 




breathing (normal). Restrictive lung diseases that 

increase elastic work usually ar 
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Figure 21-3 

Respirometer. A Wright's respirometer can be used to measure tidal volume and min 
ute volume in animals. 


ity that ventilation is inadequate. However, because Vr includes both Vd and 

Va, measurement ot an adequate tidal volume or minute volume does not ensure 
that Va is adequate. 




Ultimately, the best clinic ill assessment of alveolar ventilation is to measure 
P.C02. By definition, the patient is hypo ventilating when hypercapnea is pres¬ 
ent. The most direct method of assessing P a C02is by arterial blood gas analysis. 

Arterial blood can be obtained by direct puncture of a femoral or dorsal pedal 

artery with a 25-gauge needle* The sample should he collected into a 3-mL hepa¬ 
rinized syringe, have obvious gas bubbles expelled, sealed with a stopper, and 
transported to an automated bliood gas machine. The sample is placed on ice 
it measurement of the sample will he delayed. Alveolar ventilation should be 
considered inadequate when the P.C02 is greater than 45 mm Hg. Hypoventila¬ 
tion causes hypoxemia and respiratory acidosis. Administration of supplemental 
O i d irects the hypoxemia caused by hypoventilation by increasing the Pio 

but not the respiratory acidosis. 
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Because diffusion of C0 2 in the lung is highly efficient, P a C0 2 and alveolar 
C0 2 carbon dioxide tension (PaC 0 2 ) are essentially equal. The C0 2 tension of 
expired gas at the end of expiration closely approximates PACO 2 and is termed 
end-tidal carbon dioxide tension (PetCO?). The PnC0 2 is measured clinically 

with a capnograph that samples expired gas continuously and reports the peak 

C0 2 tension at the end of expiration. Measurement of PetCOj provides a good 
clinical estimate of P a (X and therefore Va. A disadvantage of capnography is 

that sampling of expired gases and measurement of PetC 0 2 requires that the 

patient be intubated. The principles and clinical application of capnography are 
reviewed in Chapter 8. 


▼ 


n .1 




I Mr* 1 " —jMi-J 


k 


Iki 


Li 


Pulmonary gas exchange is the collective process by which 0 2 and CO? are 

exchanged between the alveolus and arterial blood. Exchange of 0 2 is complex 

and depends on diffusion across the alveolar'Capillary membrane, matching of 

alveolar ventilation and perfusion, and the amount of venous admixture ro arte- 
rial blood. Ideally, P a C> 2 should be nearly equal to Pa 02 (i.e., 100 mm Hg under 
physiologic conditions at sea level). Impaired gas exchange is present when P,02 
becomes substantially less than Pa0 2 . Because P a C >2 can be measured directly 

and Pa 0 2 can be calculated from measurable values, the degree of gas exchange 
impairment can be quantified hy the alveolar-arterial 0 2 difference (A-a 1X1)2): 


A-a P0 2 = PaO* — I 1 = [Fio : (Pb — Ph?o) — P.OOj/Rl “ P.0 

= [.21 (760 - 47) - (40)/0.8j - 98 

= 100 - 98 


1 


The A-a P0 2 should be less than 10 mm Hg for animals breathing room air. The 

normal A-a P0 2 gradient increases 5 to 7 mm Hg for every 10% increase in Fi0 2 .’ 
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There are three basic mechanisms of gas exchange impairment: diffusion 
impairment, shunt, and ventilation-perfusion mismatch. 




Diffusion of 0 2 across the alveolar-arterial membrane is directly propor¬ 
tional to the concentration gradient of 0 2 across the membrane and the total 

membrane area, and inversely proportional to the membrane thickness. Under 
normal conditions, diffusion of G in the lung is highly efficient and generally 
is complete by the time blood has traversed about one fourth of the alveolar 
capillary bed. 1 Thus, pulmonary disease must be severe before diffusion will limit 

gas exchange The most important clinical cause of diffusion impairment is pul 
1 nonary thromboembolism (PTE), which impairs diffusion by drastically decreas 
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in^ total membrane area available for O; diffusion. The other consequence 

_ *_ m 

of PTE is an increase in dead space ventilation (Vd/Vt). Dead space ventilation 
can he quantified by measuring the PjCC^ and exhaled C0 2 tension (PgCOj): 


P a CP 2 - P eCQ 2 

PaCO 


Vd/Vt 


2 


Determination of PgC0 2 requires collection of expired gases into a collection 
hag and analysis of C0 2 tension with an infrared analyzer. This determination 
is rarely performed in veterinary patients. In theory, the increase in dead space 

ventilation could lead to an increase in P a CO 2 . However, C0 2 diffuses about 20 

times more rapidly than 0 2 across the alveolar-arterial membrane and is rarely 
if ever limited by diffusion. 

Pulmonary diseases that increase the thickness of the alveolar-arterial mem¬ 
brane (e.g., pulmonary interstitial tibrosis) can cause some degree of diffusion 

impairment when severe. However, because of the efficiency of 0 2 diffusion, 
this is a relatively unimportant cause of diffusion impairment and hypoxemia in 
animals at rest. 

Administration of supplemental 0 2 rapidly corrects hypoxemia caused by 
diffusion impairment by increasing the concentration gradient of 0 2 across the 

alveolar-arterial membrane. This explains why hypoxemia due to PTE is so re¬ 
sponsive to administration of supplemental 0 2 and serves as a useful clinical 

observation that supports a diagnosis of PTE in animals. 


bypasses viable gas ex 


Shunt occurs when unoxygenated venous bh 

change areas of the lung and mixes with oxygenated arterial blood. The resultant 

venous admixture produces hypoxemia. Shunt can result from either right-to- 
left cardiac shunt or intrapulmonary shunt. Examples of right-to-left cardiac 

shunt include ventricular septal defect with suprasystemic pulmonary hyperten¬ 
sion (i.e., Eisenmengcr syndrome) and tetralogy of Fallot. Pulmonary shunt re¬ 
sults from perfusion of completely collapsed or fluid-filled alveoli. Shunt is an 

important cause of clinically significant hypoxemia. The magnitude of hypox¬ 
emia caused by shunt is a function of the ratio of shunt flow to total cardiac 

$ i 

output, termed the shunt fraction (Qs/Q). Because venous admixture has no 
opportunity for gas exchange, hypoxemia arising purely from shunt is unres 

Mve to administration of supplemental 0 2 . This physiologic reality distinguishes 

shunt from other causes of hypoxemia and serves as a useful clinical finding for 

diagnosing shunt as the mechanism of hypoxemia. 

Shunt does not effect the \C0 2 until in becomes very severe (Fig. 21-4). 4 

Thus, shunt usually does not result in hypercapnia. In fact, animals with shunt 

often have a low 1\C0 2 as a result of hypoxia-driven hyperventilation. 








Ventilation-perfusion (VA/Q) mismatch occurs when ventilation and 
flow are not closely matched in gas exchange units. The result is inefficient 


bl< 
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Figure 

Shunt The influence of shunt fraction on arterial 0 2 tension (P # OJ and arterial CO 

Dantzger DR: Mechanisms of abnormal 






tension (P,CO ? ). (From D'Alonzo 
change. Med Clin North Am 67:557, 1983.) 
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gas exchange and hypoxemia. The reason for this inefficiency becomes more 
clear bv considering the extremes of VA/Q mismatch. For example, if regions 

_ . i » 

of the lung are ventilated but not perfused the extreme of high VA/Q) 
the functional result is a decrease in the total area available for gas exchange 

and an increase in Vd/Vt. On the other hand, if regions of the lung are perfused 

but not ventilated (i.e., the extreme of low VA/Q), the functional result is 
intrapulmonary shunt (Fig. 2 U ; ). Although these extremes are not reached with 
VA/Q mismatch, they illustrate why marching of ventilation and pert ision is 

important. Low VA/Q mismatch is a frequent cause of hypoxemia in animals 

with pulmonary disease. Any pulmonary condition that causes partial alveolar 
collapse or poor ventilation to a region of the king will result in low VA Q 

mismatch. Because alveoli are still partially ventilated in the setting of low VA/ 
Q mismatch, the resultant hypoxemia is responsive to administration of supple 
mental 0 2 . In reality, however, pulmonary diseases that cause low VA/Q mis 

match are almost always accompanied by an increase in intrapulmonarv shunt 

and thus are only partially or poorly responsive to supplemental 0 2 . 
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The A-a P0 2 can be calculated by measuring P a 0 2 and P a C0 2 by blood gas 

analysis and inserting these values into that for alveolar-arterial 0 2 difference. 

The calculated A-a P0 2 for an animal breathing room air is normally less than 

10 mm Hg. A calculated A-a P0 2 of 30 mm Hg or greater in an animal breathing 

room air suggests that significant gas exchange impairment is present. Because 
the normal value of A-a P0 2 is affected by Fi 0 2 , the above normal valves do not 

apply to animals breathing supplemental 0 2 . Although normal values of A-a 
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Ventilation-perfusion (Va/Q) rela¬ 
tionship. Under ideal conditions, 
ventilation and perfusion to 

small respiratory units are closely 

matched (f.e., WQ = I), Pulmo¬ 
nary gas exchange becomes inef¬ 
ficient when perfusion, but not 

ventilation, to respiratory units is 

impaired (/. e., V/Q > 1), or when 

ventilation, but not perfusion, to 
respiratory units is impaired (/ 


rsi 


V/Q < 1). 


P0 2 are reported for various levels of Fio 2 , it is often difficult to determine an 

accurate FiO? in the clinical setting. Thus, blood gas analysis and calculation of 
A-a PQ 2 is most revealing when performed with the animal breathing room air. 

The A-a P0 2 has been shown to be an important predictor of survival in critically 
ill dogs. 
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The magnitude of intrapulmonary shunt can be determined by calculation 

of the shunt fraction from the O 2 saturation of arterial blood (S a 0 2 ), mixed 

venous blood (S v O>), and pulmonary capillary blood (S c 0 2 ) during breathing of 
pure 0 2 : 


s c o 2 - SJO 

SLO ? — S v O 




QJQ 


The S c 0 2 is not measured directly, but is assumed to be 100% during breath' 

ing of pure 0 2 . Ideally, the S v 0 2 sample should be obtained from a catheter 

placed in the pulmonary artery. Alternatively, the S v O sample mar be obtained 
from a central venous catheter although this may lead to small errors in the 

calculation. Shunt is the only mechanism of impaired gas exchange that per- 
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sists during administration of supplemental O;; and thus, calculation of the 

< t 

d/Q is the best way to assess impaired gas exchange in animals receiving sup¬ 
plemental 0 2 therapy* A calculated Q*/Q greater than 10% is abnormal and 

indicates clinically important gas exchange impairment in animals breathing 
supplemental On 
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I he I\0 2 actually is a measure of the amount of 0 2 dissolved in plasma 

Dissolved 0 2 is insufficient to meet metabolic requirements. Hemoglobin (Hb) 

greatly increases the Ch-carrying capacity of blood. Arterial 0 2 saturation (S a 0 2 ) 

is defined as the fraction or percent of 0 2 -bound Hb-binding sires to the total 
available Hb-binding sites in the arterial blood. The P a 0 2 is important because 

it is the principal determinant of S a O 

The relationship between P a 0 2 and S a 0 2 is described by the 0 2 -Hb satura¬ 
tion curve (Fig. 21-6), The affinity of Hb for O: increases as more 0 2 binds to 

it. This property gives the O r Hb curve its sigmoid shape. The shape of the 

0 2 -Hb curve has important physiologic anil pathophysiologic implications. The 

plateau phase of the curve causes Hb to remain saturated over a wide of range 

0 2 tensions. The S a 0 2 is approximately 97% when the P a 0 2 is 97 mm Hg. The 

cannot be increased substantially by higher than normal P a 0 2 values. The 
steep phase of the 0 2 -Hb curve allows for efficient 0 2 release in the peripheral 

tissues where 0 2 tension normally decreases. A pathophysiologic implication of 
the steep phase of the curve is that small changes in P a 0 2 can have profound 
changes on S,0 2 when severe hypoxemia is present 

The 0 2 -Hb curve can “shift” to the right or left reflecting changes in the 
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The OrHb saturation curve. The relationship between O^tension (P0|) and Hb satura 
tion (S.OJ is depicted by the 0 2 *Hb saturation curve (A). The 0 2 tension that corre¬ 
sponds to 50% saturation of Hb is termed the P». The Oj-Hb curve can shift to the 

right or left reflecting a change in O r Hb affinity (B). 


Copyrighted material 



Section III I Monitoring the Critically III Animal 


overall affinity of Hb 0 : (see Fig. 21 -6). A shift of the curve to the right decreases 
overall 0 2 affinity of Hb, whereas a shift to the left increases lib 0 2 affinity. 

Conditions that shift the curve to the right include increased CO 2 (Haldane 
effect), increased hydrogen ion concentration (Bohr effect), increased tem¬ 
perature, and increased 2,3-diphosphogly cerate concentration. Interestingly, 

conditions that decrease Hb affinity prevail in the peripheral tissues where 

unloading of 0 2 is desirable. Conversely, a decrease in any of the above con¬ 
ditions shifts rhe curve to the left. Because shifted curves converge in the pla¬ 
teau phase, a shift in the O z -Hb curve has a more profound effect on the steep 

phase than on the plateau phase of the curve. For this reason, shifts in the 
curve have a greater physiologic effect on unloading of 0 2 in the peripheral 

tissues than on loading of O 2 in the lung. Shifts in the C> 2 -Hb curve are quan¬ 
tified by measurement of the O 2 tension at which Hb is 50% saturated (P50). 

Even though shifts in the 02 -Hb curve can have an important effect on pul¬ 
monary function, they are generally not assessed clinically. Nevertheless, it is 

useful for clinicians to he mindful of the possibility for such effects in their 
patients. 


2 


Arterial O 2 content (Ca0 2 ) is the total O 2 present in arterial blood. Each 

gram of Hb is capable of carrying 1.34 mL molecular O 2 when fully saturated. 

Thus, the amount of O 2 hound to Hb can be calculated by multiplying 1.34 (mL 
0 2 /g) times the Hb concentration of blood (g/dL) times S a 0 2 . Dissolved O 2 can 
be calculated from the barometric pressure and P a 02. At sea level, dissolved O 2 

is equal to 0.003 mL 0 2 /dL of blood/mm Hg P a 0 2 loading pressure. Thus, QO 2 

is calculated: 


C a 0 2 (mL G 2 /dL) 


= S a 0 2 (%) X Hb (g/dL) X 1.34 (mL 0 2 /g) 

+ P a 0 2 (mm Hl ' X 0.003 (mL CL/dL/mm 1 Up 


For an animal at sea level with a P a 0 2 of 97 mm Hg, an S a 0 2 of 97%, and a Hb 

concentration of 15 g/dL, the C a 0 2 would be: 


0.97 X 15 g/dL X 1.34 mL 0 2 /g 

+ 97 mm Hg X 0.003 mL 0 2 /dL/mm Hg 

19.5 mL CL/dL + 0.3 mL 0 2 /dL 


CP : (mL OJdl) 


From this calculation it is apparent that the contribution of dissolved (P 

overall C a 0 2 is negligible and for clinical purposes can be ignored. Thus, the 
principal clinical determinants of QO 2 are S a 0 2 and Hb, Polycythemia and ane¬ 
mia can have an important impact on Q,0 2 . Within limits, polycythemia is an 

important adaptive mechanism for physiologic (e.g. f altitude) or pathophysio¬ 
logic causes of hypoxemia. Conversely, anemia can substantially decrease C a 0 2 , 
even when pulmonary function is normal. 


to 
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Cyanosis is the result of desaturation of Hb. Central cyanosis is caused by 

central hypoxemia of the arterial blood due to abnormal pulmonary function 
(i.e., low S,0 2 ). Increased 0 2 extraction in the capillaries due to low 0 2 delivery 
can cause excessive desaturation of capillary and venous blood and can give the 

appearance of cyanosis. This is termed peripheral cyanosis. Thus, the presence 
of * /anosis alone does not distinguish between pulmonary and circulator.- dvs- 
function. 


The importance of the direct effect that anemia has on Q0 2 is generally not 

totally appreciated by veterinary clinicians. In animals with a relatively normal 
cardiovascular system, deficits in C,0 2 caused by anemia can b compensated 
for by an increase in cardiac output. However, if the cardiovascular system is 

compromised, as is often the case in critical patients, anemia can have an impor¬ 
tant effect on G 2 delivery. 
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The S a 0 2 can be measured directly or calculated from the P a 0 2 . The S a 0 2 

reported by most automated blood gas machines actually represents a calculated 
value based on measurement of the P a 0 2 and then calculation from a normalized 
0 2 'Hb saturation curve. Direct measurement of S a 0 2 can be obtained by spectro- 

metric analysis of an arterial blot I sample using an automated hemoximeter. 

Automated hemoximeters measure the amounts of total Hb, 0 2 -bound Hb, car- 
boxyhemoglobin, and methemoglobin; and can be calibrated to the type of Hb 
of the species being measured. From these measures, an accurate S a 0 2 and QG 

can be reported. Hemoximeters can also be used to assess shifts in the 0 2 d tb 
saturation curve. 
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The most common method of assessing S a 0 2 in veterinary patients is pulse 

oximetry. Pulse oximetry is a colormetric technique that compares color differ 
ences during and between arterial pulse surges in capillary beds, and thereby 
estimates Hb saturation of arterial blood. The equipment and methodology of 
pulse oximetry are reviewed in (A nap ter 8. 
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Oxygen delivery (Do 2 ) is the milliliters of 0 2 delivered to the peripheral tissues 
each minute and is the product of and cardiac output (Q): 


Do 2 (mL Oi/min) = C a 02(mL 0 2 /dL) X Q (dL/min) 
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Thus, when hypoxemia or anemia causes C,0 2 to be low, 0 2 delivery can be 
maintained by an increase in cardiac output. 

Oxygen consumption (Vo 2 ) is the milliliters of 0 2 consumed by tissues each 

minute and can be calculated by multiplying the difference between Q0 2 and 

« 

mixed venous oxygen content (Cy0 2 ) times Q: 

Vo 2 (mL 0 2 /inin) 

From the above relationship it can be seen that in the setting of a low cardiac 
output, Vo 2 can be maintained by an increase in the C*0 2 


[CO 


CyOj (mL 0 2 /d[ )| X Q (d /min) 


2 


0,0: difference. 


Low cardiac output has a direct adverse effect on 0 2 delivery. The causes 

of low cardiac output in the critical care unit are many and arc the subject 
of other chapters in this textbook. Briefly, low cardiac output can result from 
deficits in the circulation ■ t.e., circulatory failure) or the heart (i.e., low output 
heart failure). Important causes of circulatory failure include hypovolemia, sepsis, 
and major vascular obstruction. Causes of low output heart failure include myo¬ 
cardial failure, valvular insufficiency, cardiac dysrhythmias, and cardiac tam¬ 
ponade. 


2 


Cardiac output is the volume of blood pumped by the heart in 1 minute. 
Direct measurement of cardiac output is accomplished clinically by the tech¬ 
nique of thermodilution. Thermodilution is based on the indicator dilution prin¬ 
ciple of measuring flow and requires a thermistor-equipped Swan-Ganz catheter 

(Fig. 21-7). The technique is performed by injecting saline at a known volume 

and temperature, and then recording the temperature change that results as it 
passes the thermistor. The area under the time-temperature curve is inversely 
proportional to the cardiac output. Because normal cardiac output is dependent 
on the size of the patient, cardiac output is usually reported as cardiac index 

y weight or body surface area. Normal Cl for healthy 

y surface area. 6 Because 


(Cl) normalized to 

conscious dogs at rest is reported to be 5.4 dL/niin/nr 
of the equipment, expertise, and expense required for Swan-Ganz catheteriza¬ 
tion, it is not commonly used in clinical veterinary medicine. Swan-Ganz cathe¬ 
terization i> indicated for advanced cardiopulmonary supportive care in animals 
with severe cardiopulmonary compromise. 




2 
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1 he 0 : extraction ratio is the proportion of 0 2 consumed (Vo 2 ) to O 

p 

delivered (Do 2 ): 


Vo: = [QO 

Do? C, 0 2 X Q 


CvO? 


2 


x Q 


O? extraction ratio 
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Figure 21-7 

Swan-Ganz catheterization. A flow-directed Swarv-Ganz catheter is introduced into a 
lugular vein and floated through the right heart into the pulmonary artery with the 
aid of an inflatable balloon. The position of the catheter is determined by observing 

characteristic right atrial pressure (RAP), right ventricular pressure (RVP), and pulmo¬ 
nary artery pressure (PAP). Pulmonary wedge pressure (PWP) is obtained by inflation 
of the balloon with the catheter placed in the pulmonary artery. Cardiac output is de¬ 
termined by thermodilution during injection of a known volume and temperature of 
saline and measurement of the change in blood temperature by a thermistor on the 
tip of the Swan-Ganz catheter. Cardiac output is calculated from the area under the 
temperature-time thermodilution curve. 


Because cardiac output is in both the numerator and denominator, it cancel 
out. 1 ms, determination of 0 2 extraction ratio does not require actual measure¬ 
ment of cardiac output. Also, Hb concentration is the same in arterial and mixed 

venous hit 


As a result, calculation of 0 2 extraction can he simplified to: 


s a o 2 “ S v O 


: 


2 


O 2 extraction ratio 


S a O 


2 


Because the 0 2 extraction ratio accounts for any deficits in S^Cb in the delivery 
of 0 2 to tissues, it becomes primarily a measure of the adequacy of cardiac output. 

The utility of the 0 2 extraction ratio is that it is independent of the patient size 

and does not require actual measurement ot cardiac output. As such, the 0 2 
extraction ratio is a clinically useful method ot assessing the adequacy of cardiac 
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Figure 

Oxygen extraction ratio measured continuously in a dog with a pulmonary artery 
catheter with oximetry. The first tracing is arterial pulse oximeter, the second is the 

pulmonary artery pulse oximeter, and the third is the oxygen extraction ratio 




output in veterinary patients. Under normal physiologic conditions at rest, O 
extraction is about 0.25. When cardiac output becomes inadequate to meet the 

demands of the patient, 0 : extraction increases. An O, extraction ratio of greater 

than 0.4 suggests that cardiac output is seriously inadequate (Fig. 21-8) 
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Adequate cardiopulmonary function depends on several physiologic processes to 

achieve the ultimate goal of delivering O: to tissues. Derangement of any of 
these physiologic processes can result in inadequate 0 2 delivery. The challenge 
of the veterinary critical care clinician is to quickly and logically determine the 
pathophysiologic causes of disruptions in O; delivery. Fortunately, techniques 
for determining the nature and magnitude of pathophysiologic disruptions in tire 

cardiopulmonary system are readily available to the clinician with an under 
standing of these processes 
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The goal of this chapter is to provide information that will assist ICU staff in 
the management of patients with acute renal failure (ARF). For in-depth discus¬ 
sions ahout etiopathogenesis, diagnosis* and treatment of acute and chronic renal 

failure* consult appropriate reference material. 


IJ.7.11,12 










Acute renal failure may be defined as a potentially reversible syndrome of diverse 

etiology characterized by an abrupt and sustained decline in renal function (glo¬ 
merular filtration* tubular reabsorption* and tubular secretion) producing im¬ 
paired excretion of metabolic wastes 

to maintain fluid* electrolyte* and acid-base balance* and uremia. Acute intrinsic 
renal failure is commonly associated with ischemic events or exposure to nephro- 

toxins ( including drugs), although it may be caused by other mechanisms includ¬ 
ing renal infections (ie, leptospirosis* borreliosis,or bacterial UTI associated with 
urine outflow obstruction)* immune mediated diseases* and hypercalcemia (Ta¬ 
ble 22-1). Many risk factors, which are additive, predispose patients to acute 
renal failure. 

A common event in both ischemic and nephrotoxic ARF is structural and 

functional damage to renal tubules* giving rise v > the term “acute tubular necro¬ 
sis.” ATN may be associated with many different causes* may be mild or severe, 

and may be associated with varying degrees of alterations in renal perfusion, 

glomerular filtration, and tubular dysfunction. 

Conceptually the syndrome of ARF may be divided into three sequential 
stages: 1) initiation, 2) maintenance* and 3) recovery. However, in many pa¬ 
tients, the transition from one stage to the next may not be clearly evident. In 
addition, all three stages may not be evident in the same patient. 

The first, or initiation (induction) piuisc may last from hours to days and is 

the period during which the kidneys are exposed to ischemia, toxins, or other 

causes of dysfunction (Table 22-1). During this period tubular epithelial cells 

are damaged, and there is a progressive decline in GFR (as evidenced by azote¬ 
mia) and impairment of tubular function (as evidenced by impaired ability to 
concentrate urine). A history of exposure to the underlying cause(s) of ARF, 
nonurinary clinical signs attributable to these causes, and progressive increases 


(as indicated by azotemia), impaired ability 
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A. Prerenal 

1. Intravascular Volume Depletion 

. Shock (hypotensive; heat-stroke) 

b. Gastrointestinal losses (especially if associated with impaired renal con 

cent rating capacity) 

c. Renal losses (inappropriate use of diuretics) 

d. Third space sequestration of fluid (pancreatitis; peritonitis; trauma) 

. Hypoalbuminemia 

2. Decreased Effective Arterial Volume 

Shock (septic; cardiogenic) 

b. Antihypertensive drugs 

c. Prolonged or deep anesthesia 

d. Reduced cardiac function (congestive failure; arrhythmias; pericardial 

tamponade) 

3. Systemic Diseases 

Pyometra 

b. Hypoadrenocorticism 

c. Diseases associated with DlC 


S 


3. Intrarenal 

1. Vascular 


Bilateral renal artery obstruction due to thromboembolism 
b. Vascular lesions in a single functioning kidney 

2, Glomerular 

a. Immune mediated glomerulonephropathy 

b. Amyloidosis (uncommon) 

3. Tubular 


m 


a Ischemic (including persistent prerenal causes) 

b. Nephrotoxic (ie, Heavy metals; Ethylene glycol; Antimicrobials, including 

aminoglycosides, sulfonamides, amphotericin, etc.; Chemotherapeutics, 

including methotrexate, azothioprine, cisplatin, 


Analgesics, indud 

ing non-steroidal anti-inflammatory drugs given to hypotensive 
t tents) 

c. lodinated radiographic contrast agents given to dehydrated patients 

d. Endogenous pigments (hemoglobin from intravascular hemolysis; myo 

globin from rhabdomyolysis) 

e. Hypercalcemia 








4. Interstitial 


. Leptospirosis 

b. Bacterial infection of kidneys associated with urine outflow obstruction 

c Adverse drug reactions 


C. Post renal 


. Obstruction of both ureters (perineal herniation of urinary bladder, 

iatrogenic surgery) or one ureter (when there is poor function in contra¬ 
lateral kidney) 

b. Urethral obstruction (uroliths; trauma; neoplasia; etc) 

c. Reabsorption of urine into circulation (rent in wall of urinary bladder or 

ureters) 


r: 1 


inenzymuria, proteinuria, and cylinduria may also occur. However, the initiation 
phase of / I F is not often recognized because these abnormalities are not associ¬ 
ated with the onset of clinical signs that direct one’s attention to the kidneys. 

This is unfortunate because therapeutic intervention at this phase may reduce 

the severity of renal damage and dysfunction thereby enhancing the likelihood 
of recovery. 
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The second, or maintenance phase , may last for days to weeks. It represents 

the period during which renal parenchymal damage is extensive, and is associated 
with persistent reductions in GFR and tubular dysfunction associated with oligu¬ 
ria, nonoliguria, and less commonly polyuria. Unlike the initiation phase, poly- 
systemic clinical and serum biochemical manifestations of uremia become obvi¬ 
ous. Eliminating inciting factors at this stage will not correct existing damage, 

but will likely minimize further injury. 

The third, or recovery stage , may last for weeks to months and is usually 
characterized by a transition from an oliguric or nonoliguric state to a polyuric 

state, progressive improvement in GFR resulting in gradual resolution of azote¬ 
mia, and amelioration of the polysystemic consequences of renal dysfunction. 
Recovery of adequate function to restore homeostasis without the need for con¬ 
tinuous supportive therapy is dependent on regeneration of damaged tubular 

epithelial cells and compensatory hypertrophy of viable nephrons. Although 

there is potential for recovery of renal function, in some patients residual impair¬ 
ment in glomerular filtration and renal concentrating capacity may persist in¬ 
definitely. 


Oliguria associated with formation of a reduced quantity urine may be physi¬ 
ologic or pathologic. Production of a decreased volume of highly concentrated 
urine in patients with prerenal azotemia is an example of physiologic compensatory 

oliguria designed to maintain body fluid balance (Table 22-2). Azotemia associ¬ 
ated with high urine specific gravity values provides evidence that the kidneys are 

structurally normal and capable of quantitatively adequate function to maintain 

homeostasis provided the prerenal cause is removed in a timely fashion. How- 

if the prerenal cause is allowed to persist, ischemic renal disease resulting 
in acute renal failure may develop. Rapid resolution ot azotemia (ie, within 1 


ever 


to 3 days) in response 


replacement of fluid deficits and the onset of a brisk 


to 


diuresis is the expected response if the patient has prerenal azotemia and physio¬ 
logic oliguria (Table 22-3). 

Fol lowing the onset of ischemia or exposure to nephrotoxins (initiation phase 
of acute renal failure), extensive renal cell damage combined with host responses 

may result in {xu/iologpc oliguria (maintenance phase of acute renal failure) and 

progressive azotemia (see Table 22-2). The magnitude of azotemia can not be used 

to reliably predict whether the patient is oliguric, nonoliguric, or polyuric, nor is 

it a reliable index ot the duration (acute or chronic) of the underlying disease. 

At least four intrarenal mechanisms have been incriminated to explain 

pathologic oliguria in patients with intrinsic ARF. They include: I) constriction 

of renal vessels and contraction of the glomerular mesangium via tubuloglomeru- 
lar feedback resulting in reduced renal blood flow and decreased glomerular til- 

2) reduced filtration of water and solute through glomerular capillary 

walls; 3) obstruction of tubular lumens with swollen and disintegrating epithelial 

cells, casts, heme pigments, and/or extraluminal compression of tubular lumens 

secondary to interstitial edema and inflammation; and 4) backleak of tubular 

fluid across damaged tubular walls into the renal interst ltium. Conceptual knowl¬ 
edge of these mechanisms is of value since it facilitates formulation of treatment 

protocols designed to interrupt them. 
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Physiologic oliguria 

Dogs: Usg > 1.030t 
Cats: Usg > 1.035 to 1.040t 

Primary Acute Ischemic or Nephrotoxic Azotemia 




Initial Oliguria 

Dogs: Use = 1.006 to -1,029 
Cats: U* = 1.006 to 1.039ft 

Subsequent Polyurtc Phase 

Dogs: Use - 1- 

Cats: 

Obstructive Postrenal 

Initial oliguria or anuria 

Diuresis and polyuria following relief of obstruction 
Urine specific gravity values are variable 


to -1.029 
6 to —1.039 


EC* 


U w 


1. 


lKI*j 




r 
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Chronic 


f 




V i 
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Mill M 




ill 


111 
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A 


Polyuria 

Dogs: 1.006 to -1.029 
Cats: 1.006 to -1.039 tt 
Terminal Oliguric Phase 

Usg = 1.007 to -1.013 

Reversible Oliguria Due to Factors Inditing Prerenal Azotemia 

Dogs: Use — 1 006 to -1.029 
Cats: Usg = 1.006 to -1,039*71 


From Osborne CA, et al: Pathophysiology of renal disease, renal failure, and ure¬ 
mia. in Ettingtr SG (ed ): Textbook of Veterinary interna (Medicine , vol 2, ed 2 
Philadelphia. WB Saunders Co, 1982, p 1758. 

Acute renal failure caused by nephrotoxic drugs often is not associated with an 

initial phase of pathologic oliguria. The term nonoliguric is often used to de¬ 
scribe such patients. 

Urine specific gravity may become fixed between approximately 1.007 and 1.013 

if sufficient nephron function is altered. The specific gravity of glomerular filtrate 
is approximately 1.008 to 1.012. 

t Unless concentrating capacity is impaired by concurrent disease (ie, hypoadreno¬ 
corticism, hypercalcemia), pa renter ally administered fluids, or diuretics, 
tt Some cats with primary renal azotemia may concentrate urine to 1.045 or 

h i g her 










Not all patients with acute renal failure develop pathologic oliguria. Non- 
oliguric acute renal failure is common (up to 50% of the patients) and is charac- 

terized by azotemia associated with formation of a relatively fixed but inappropri- 
ate volume of urine that is intermediate between oliguria and polyuria. 

The underlying causes of a nonoliguric state associated with ARF are similar 
but less severe than those associated with oliguric ARF (see Table 22-1). Non- 

oliguric ARF is more often associated with nephrotoxic renal failure than is¬ 
chemic renal failure. Compared to oliguric acute renal failure, nonoliguric and 
polyuric acute renal failure are often associated with lesser degrees of renal paren- 
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chyinal damage, less severe azotemia, fewer complications, and less mortality. In 

context of fluid and electrolyte imbalances, oliguric renal failure tends to be 

associated with greater retention of water and electrolytes, while polyuric renal 
failure tends to be associated with comparatively greater deficits of water and 
electrolytes. 


AA 






There are many similarities between the clinical manifestations of acute and 

chronic renal failure (Table 22-4). In addition to localizing the underlying 
cause(s) of azotemia (see Table 22-3; Fig. 22-1), lie sure to distinguish acute 

onset of acute renal failure from acute decompensation of chronic renal failure 
(so-called “acute-on-chronic” renal failure) (see Table 22-4). Whereas acute re¬ 
nal failure is potentially reversible if the underlying cause is corrected, chronic 

renal failure is typically irreversible and progressive. Although patients with 

acute renal failure may not regain total renal function, if appropriately managed 
they have the potential to eventually regain adequate renal function to sustain 

life without need for extensive and prolonged therapy. Structural and functional 
changes in patients with chronic renal failure are typically progressive and irre- 
versible. 


Oliguria has been defined as pr 


uction of approximately 0.25 to 0.5 ml/ 

kg/hr. Tliis figure is derived from the estimated minimum quantity of urine in 

which the average daily solute load can be excreted by kidneys with normal 

concentrating capacity. Urine production of <0.5 to 1.0 ml/kg/hr during IV 

fluid therapy is suggestive of oliguric renal failure. Production of urine that does 
not exceed 1 to 2.0 ml/kg/hr following rehydration with IV fluids is suggestive 
of nonoliguric renal failure. 




The kidneys* capacity to produce urine is best assessed in we IP hydrated patients 
with adequate bloixl pressure. Normal urine production for a healthy adult euvo- 

lemic, normotensive dog is 1 to 2 ml/kg/hr (20 to 40 ml/kg/24 hours). Nor¬ 
mal urine production for a healthy adult euvolemic, normotensive cat is 1 to 

1.5 ml/kg/hr (20 to 30 ml/kg/24 hours). Normal urine production for an he tkhy 

adult dog or cat during intravenous fluid therapy is approximately 2 to 5 ml/kg/ 


hr. 


Early detection of pathological oliguria is t specially im 

luences the quantity and type of parenteral fluids that can he safely given to 

the patient. The most accurate method to determine and monitor urine volume 
is with the aid of a transurethral catheter. To minimize the risk of nosocomial 
bacterial UT1, intermittent urinary catheterization is usually recommended over 

indwelling transurethral catheterization (see Table 22-7). Alternatives to trans¬ 
urethral catheterization include collection of urine via a metabolism cage, mea¬ 
suring weight gains of a car’s litter pans attributable to urine, or weighing absor¬ 
bent pads used to collect voided urine. Less reliable methods of assessing urine 
volume include serial assessment of bladder size by abdominal palpation or ultra- 


irtant since it in 
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Figure 22-1 

Algorithm for diagnosis of azotemic renal failure. SUN = serum urea nitrogen con¬ 
centration; SCRT = serum creatinine concentration; R/O = rule out; UTO = urinary 

tract obstruction. 
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Potentially Li 


in 


I. Life-threatening Abnormalities 


A. Severe dehydration 

B. Iatrogenic overhydration 

C. Severe metabolic acidosis 


D. Severe hypokalemia or hyperkalemia 

E. Severe hypocalcemia 

F. Iatrogenic drug events 

II. Non Life-threatening Abnormalities 

A. Severe azotemia 

B. Severe hyperphosphatemia 

C. Moderate anemia 

D. Moderate hypercalcemia 


sonography, and visual assessment of the quantity of urine that is voided. These 
methods are more likely to be reliable when the patient is producing large rather 
than small volumes of urine. In addition to monitoring fluid balance, accurate 
measurement of urine volume facilitates evaluation of endogenous creatinine 
clearance. 


Fluid administration must be monitored carefully because patients th it re¬ 
main oliguric following restoration of vascular volume and pressure are at high 

risk for iatrogenic overhydration (Tables 22-5,22-6, 22-7, and 22-8). These con¬ 
sequences include systemic hypertension, pulmonary and peripheral edema, and 
congestive heart failure. Therefore, in addition to monitoring the rate of forma- 

turn ot urine, the tluid therapy prescription may he regularly readjusted on the 


deal 


in 


II 


olyuria 


Oliguria 


Factor 


Urine Specific Gravity 


t.007 to 1.029 dot; 
1.007 to 1.040 cat 

Increased 


1.0 )7 to 


1.029 dog 
1.007 to 1.040 cat 


Urea nitrogen (serum) 

Creatinine (serum) 

Sodium (serum) 


Increased 
Increased 
Usually normal 


increased 


Variable 


Sodium (total body) 

Potassium (serum) 


Variable 


Variaole 


Usually normal 


Increased 


pH (bl< 




Normal to decreased 


Mark* : decrease 




Phosphorus (serum) 


Usually increased 


Usually increased 


Calcium (serum) 


Usually normal to de 

creased*t 


Usually normal to de 
creased *t 


* Unless renal failure is caused by hypercalcemia. 

t Occasionally hypercalcemia occurs as a sequelae to primary renal failure. 
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Urinary catheterization should only be performed by personnel properly 
trained and experienced with use of proper aseptic atraumatic tech 
niques. 

2. Select indwelling urethral catheters constructed of materials least likely to 

cause irritation and inflammation of the adjacent mucosa. 

3. Thoroughly cleanse the external genitalia, and insert the catheter using asep¬ 
tic technique. 

4 Avoid overinsertion of catheters to minimize damage to urinary bladder mu¬ 
cosa. 

5. Avoid open catheters; maintain a closed collection system. 

6. Prevent retrograde flow of urine from the collection receptacle by position¬ 
ing it below the level of the patient. 

7. Perform urinalyses every 24 to 48 hours for evidence of infection. Culture 

urine if infection is suspected. 

8. If catheter-induced infection develops and remains asymptomatic, treat the in¬ 
fection following removal of the catheter. 

9. Remove the catheter as soon as possible. At the time of catheter removal, 

perform a urinalysis, quantitative urine culture, and antimicrobial susceptibil¬ 
ity test. 

10* Avoid giving prophylactic antimicrobial drugs in attempt to prevent UTI un- 

the duration of catheterization is less than 2-3 days. 

11 If UTI is confirmed after the catheter is removed, initiate therapy with an ap¬ 
propriate antimicrobial drug known to be effective against nosocomial hospi¬ 
tal pathogens and continue giving for at least 10 to 14 days. 

12 If infection with more than one bacterial species occurs, and if the pathogens 

have different susceptibilities to drug, first treat the bacteria most likely to 
be virulent. Then select the drug most likely to eliminate the remaining 

pathogens. 

13. Remove and, if appropriate, replace indwelling catheters that are contami¬ 
nated. 




basis of sequential assessment of body weight, skin turgor, PCV, plasma total 

solids, and central venous pressure (CVPh 

Body weight should be monitored with a reliable scale at least twice per 

day. Rapid gain or loss of 1 kg of body weight represents a corresponding gain 
or loss of one liter of fluid. The quantity of fluid given should be adjusted so 
that body weight remains stable. However, if the patient is not receiving suffi¬ 
cient calories, a decline of appnjximately 0.3 kilograms per day should be allowed 
for each 1000 kilocalories of unmet energy requirement. 

Central venous pressure provides a reliable index of hydration status. In the 
absence of heart disease, an increase of CVP in a patient with AR1 could indicate 
over vydration. Tile CVP should nor increase more than . to 4 cm water ah *ve 

baseline if cardiovascular function is normal. An increase of CVP of 5 to 7 cm 

above baseline or an absolute CVP of greater than 10 cm water is indicative of 
excessive rate or volume of fluid administration. 11 

In addition to CVP, serum urea, creatinine, electrolyte, and T( a concen¬ 
trations should be reassessed ar appropriate intervals. It the prerenal components 

the primary cause of decreased GFR, restoration of fluid deficits will be fol¬ 
lowed by a rapid onset of diuresis (urine production > 1 mL/kg/hour) and rapid 

reduction of azotemia. 


are 
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1. Serous ocular and nasal 


Jugular vein distention 


weight gain, pounding 

pulses, hypertension, ra¬ 
diographic evidence of 

pulmonary vein or caudal 

vena cava distention. 


discharge. 

. Subcut a neous 

nonpainful, dependent, 
pitting. 

. Ascites, hydrothorax etc 

. Increased respiratory rate 

+/“ crackles, Radio- 

graphic evidence of pul¬ 
monary interstitial 


n 


lit 


t] 


r\ 


iiE 


Risk Factors 


Iatrogenic fluid overload 

especially in oliguric pa¬ 
tients. 

2. Concomitant heart 

failure. 

3. Impaired renal excretion 

of fluids. 

. Concomitant hypoprotein 

emia 

5. DIC 

6 Hypertension 

■ 

1. The best treatment is prevention. Fluid overload is difficult 

to manage. 

2. Strive to eliminate or correct the underlying di 

. Discontinue and reassess prescription for fluid therapy. 

4. Attempt to initiate diuresis. If there is no response, do not 

use additional diuretics. 

5. Attempt to restore fluid balance by peritoneal dialysis or by 

hemodialysis. 


1. Iatrogenic fluid overload, 

especially in oliguric pa¬ 
tients. 

2. Concomitant heart 

failure. 




XI 


Management 


process. 


t] 


Diuresis due to increased renal tubular fluid flow rate, but unassociated with 
a corresponding increase in RBF and glomerular filtration rate, may reduce the 
serum concentration of urea nitrogen to a greater degree than serum creatinine 
concentration. This occurs because diuresis decreases the passive renal tubular 

reabsorption of urea from tubular filtrate. Since tubular reabsorption of creatinine 

is not affected by changes in tubular flow rate, the magnitude of decrease in 
serum urea nitrogen concentration is substantially greater than serum creatinine 

concentration. Therefore evaluation of the serum concentration of creatinine 

provides a more reliable index of glomerular filtration rate than does SUN con¬ 
centration. Improved GFR is indicated by increased urine production combined 
with a decrease* in serum creatinine concentration. 

Dace rhe patient is adequately rehydrated, fluid balance can be maintained 

by providing sufficient parenteral fluids to match estimated insensible respiratory 
losses, and continuous losses via urine, vomiting, and diarrhea. Insensible fluid 
lasses have been estimated to be approximately 20 to 25 ml/kg/day, but ma vary 

with the patient’s daily caloric requirements (or body weight), respiratory rate, 
body temperature as well as room air temperature and humidity. Because esti- 
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nimal 


Hi 


mates of insensible anii continuous osses of fluids are subject to error, the pa¬ 
tient’s body weight and other indices of hydration status should be accurately 
determined every 12 hours. 




Early recognition of acute renal failure is important since therapeutic interven¬ 
tion during the induction stage is most likely to be successful in minimizing renal 
injury. Formulation of there f^eu t ic strategies designed to interrupt the pathophys¬ 
iologic events contributing to oliguric renal failure is especially important In 
addition, search for underlying cause(s) (see Table 22-1) with the objective of 

eliminating the patient’s exposure to them (see the section on specific therapy). 
It life threatening complications are present t severe hyperkalemia, acidemia, etc.; 
Table 22-5) it will be necessary to treat them (supportive therapy) before the 

underlying causes are identified. Detection and elimination of concurrent revers¬ 
ible pn renal and post-renal disorders that may have precipitated or aggravated 
a uremic crisis should also be considered. 

Since the best cure is prevention, staff in intensive care units should be 
familiar with risk factors that predispose patients to acute renal failure (see Table 
22 -1). Recognizing that various risk factors may be additive in terms of predispos¬ 
ing to ischemic or nephrotoxic acute renal failure; try to eliminate or control 

them before exposing patients to additional diagnostic (intravenous contrast 

urography) or therapeutic procedures (deep anesthesia or prolonged surgery) as¬ 
sociated with ischemia or nephrotoxicity. 1 ' 5 ’ 6,11 Advanced age and pre-existing 

chronic irreversible primary renal disease are risk factors chat cannot be elimi¬ 
nated. However, dehydration, fever, sepsis, hypotension, decreased cardiac 
output, acidosis, hypokalemia, hyponatremia, hypomagnesemia, and hypocal¬ 
cemia are treatable risk factors. Concurrent use of NS A Ds and other potentially 
nephrotoxic drugs, and prolonged anesthesia are also examples of risk factors 

that can be modified (see Table 22-1). 

Prior to formulation of a therapeutic prescription for acute renal failure, the 
following 9 steps should be considered: 1) Collect applicable information. Col¬ 
lect samples of blood and urine before initiating any form of therapy; 2) Iden¬ 
tify life threatening clinical findings and manage them accordingly (see Table 
22-5). It is often necessary to initiate supportive therapy prior to die availability 
of diagnostic test results; 3) Localize the underlying cause of azotemia (see Table 

22-3, Fig. 22-1); 4) Attempt to identify the underlying cause(s) of renal failure 
with the goal of eliminating or counteracting them (see Table 22-1); 5) In order 

to prevent iatrogenic complications associated with treatment, devise a plan to 
determine if the renal failure is associated with oliguria, nonoliguria, or polyuria; 
6) To assist in prognosis, strive to determine if the renal failure is acute or chronic 

(see Table 22-5); 7) Administer drugs to patients with renal failure only after 

consideration of dieir routes and rates of metabolism and elimination, and their 

potential to induce adverse reactions in the uremic environment. 14 If it is abso¬ 
lutely essential to use potentially toxic drugs that are highly dependent on ade¬ 
quate renal function for metabolism or elimination, make appropriate adjust- 
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ments in dosage and/or maintenance intervals; 8) Avoid polypharmacy. Do not 

give any drug with the philosophy that it might help, but can do no harm. Use 
the fewest drugs at appropriate doses consistent with proper patient care. Use 
special caution not to overhydrate patients in the oliguric phase of acute renal 
failure; 9) Formulate a systematic plan to monitor response to therapy. The type 
and frequency of data collected should he individualized to meet each patient’s 

specific needs. Serially collected data should be recorded on flow charts to facili- 

tate timely assessment of whether the abnormalities are decreasing, increasing, 

or remaining the same, and the rate of their change. Decreasing or increasing 

trends may be initially more important in assessing the patient’s response to 
treatment than absolute laboratory values. 

Conceptually, treatment of acute renal failure may be divided into three 
basic components: 1) specific therapy, 2) supportive therapy, and 3) symptomatic 

therapy. 






fi 


Specific treatment is given to eliminate, destroy, or modify the primary 
cause(s) of the disease process. Examples of specific treatment include: 1) min¬ 
imizing further ischemic renal damage by use of appropriate fluids to restore and 
maintain adequate renal perfusion, 2) eliminating exposure to drugs that are 
causing nephrotoxic injury, 3 administration of antidotes to counteract nephro- 

toxins, and 4) use of antibiotics to eliminate bacterial infections or leptospira. 
Strive to design therapy to interrupt the pathophysiolgic events that, if allowed 
to persist, will result in acute oliguric renal failure. 

Specific therapy will not substantially alter existing renal lesions once acute 
primary renal failure has become established (so-called maintenance phase). In 
the latter situation, restoration of renal function depends on spontaneous repair 
of renal lesions along with compensatory increase in function of remaining viable 
nephrons. However, specific treatment is important to prevent further nephron 

damage. 




E 




Supportive treatment consists of therapy that modifies or eliminates abnor¬ 
malities that occur secondary to primary disease. Treatment of the polysystemic 

metabolic and biochemical dysfunctions that occur as a consequence of general¬ 
ized acute renal lesions is an example of supportive therapy. Supportive therapy 

should be designed to minimize retention of metabolic wastes, and alterations 

(deficits and excesses) in fluid, electrolyte, acid-base, endocrine, and nutrient 
balance, with the overall goal of sustaining life (ie, “buying survival time”) until 
sufficient nephron repair and compensatory adaptation result in the return of 
adequate renal function to reestablish homeostasis. Special attention should be 
directed toward treatment of life-threatening fluid, electrolyte, and acid-base dis¬ 
turbances (see Table 22-5). 

Successful specific therapy is often dependent on successful supportive ther¬ 
apy. Although specific therapy of acute renal failure varies with the underlying 
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cause, supportive therapy varies with the severity of associated renal dysfunction. 
Supportive therapy of acute renal failure should be formulated according to 
whether the patient has oliguric, nonoliguric, or polyuric primary renal failure. 






WT 






Symptomatic treatment consists of therapy given to eliminate or suppress 

clinical signs. Examples of symptomatic treatment include use of antiemetics to 

control vomiting, and use of drugs to enhance appet ite. 


f r* 




Because most uremic patients with ARF are initially dehydrated and hypo- 
volemic, therapy with intravenous fluids should be given first priority. Clinical 

signs of dehydration are reliable evidence that a portion of the azotemia is pre- 
renal in origin, and therefore partially amenable to rapid correction by restoring 
vascular volume and pressure with replacement fluids. With the overall goal of 

sustaining the patient s life, the primary objectives of fluid therapy of ARF are: 

1) to improve renal perfusion by restoring euvolemia and normotension, 2) to 
correct electrolyte and acid-base imbalances, and 3) to induce diuresis. 

Although fluid therapy (including the type and quantity of fluids, and the 

route and r ite of :heir administration) is the cornerstone of treatment of ARF, 
It must be carefully monitored and integrated with other aspects of treatment 

(Table 22-8). 

Initially the intravenous route of administration of fluids is recommended 

because of the large olume of fluid and rapid administration rate often needed 

to maximize renal perfusion in patients with uremia caused by ARF. We rou¬ 
tinely use aseptically placed jugular intravenous catheters because they also fa¬ 
cilitate: 1) infusion of hypertonic solutions, 2) intensive diuresis, 3) sequential 
bhxx sampling, and 4) measurement of central venous pressure. The subcutane¬ 
ous route of fluid administration is generally unsatisfactory for initial treatment 
because poor perfusion associated with clinical dehydration impairs the rate of 
fluid absorption. 

The type of fluid chosen for initial replacement therapy should be based on 

knowledge of deficits and excesses in the patient’s fluid, electrolyte, and acid-base 
balance. Isotonic solutions designed to promote isonatremia (ie, 0.9% saline, 
Normosol-R, Abbott; Plasma-L te 148, Baxter) are often used for initial rehydra¬ 
tion of patients with normal serum sodium concentrations. Physiologic saline 

solution is often the initial choice for hyperkalemic oliguric patients because it 
is devoid of potassium. A combination of half-strength saline (0.45%) and 2.5% 

dextrose m<r be used as replacement solutions for patients with mild hypernatre¬ 
mia due to excessive free water loss or hypotonic losses associated with vomiting 
and diarrhea.' Maintenance fluids designed to replace insensible losses and for 
maintenance requirements should nor be used as replacement fluids since they 
may cause hyponatremia and overhydration without effectively restoring vascu¬ 
lar volume and renal perfusion. 
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The initial quantity of replacement fluids in milliliters is calculated from 

clinical estimates of dehydration according to the formula: 


Milliliters of fluid required = 

body weight (kg) X percent dehydration X 1000 


Allowances for maintenance fluid requirements and continuous fluid losses 
should also be considered. The volume of fluid that can safely be administered 
should be determined in context of the patient's urine volume (oliguria, nonoli¬ 
guria, or polyuria). The rate of urine production (ml/kg/hr) should be carefully 

monitored. A favorable response to fluid therapy is indicated by increased urine 
production. 

Initial replacement fluids should be administered at a rate calculated to cor* 
rect extracellular fluid deficits over a 4 to 6 hour period in order to rapidly restore 
renal perfusion and thereby prevent ischemia. In patients with profound hypovo¬ 
lemia and hypotension, estimated fluid deficits may be intravenously adminis¬ 
tered at a rate of up to 90 ml/kg/hr (dogs) or 55 ml/kg/hr (cats). 5 A slower 

infusion rate is warranted in patients known to have cardiopulmonary dysfunc¬ 
tion. 


Parenteral fluid therapy should be continued until the patient's clinical sta¬ 
tus improves so that fluid balance can be maintained by voluntary drinking and 
eating, and until reduction in the magnitude of azotemia has stabilized for 2 to 3 
days. Appropriate monitoring (body weight, skin turgor, and serum biochemical 
profile) is essential to assure that the patient is able to maintain adequate hydra¬ 
tion. 


In order to prevent recurrence of dehydration and its undesirable conse¬ 
quences, parenteral fluid therapy should not be abruptly discontinued. Rather, 

it should be gradually reduced (ie, approximately 25% per day for the next 2 to 

3 days). The patient should be appropriately monitored during this period to 

prevent recurrence of fluid arid electrolyte deficits. In some instances, it may be 
beneficial to supplement fluids consumed in food and water with fluids given 

subcutaneously as needed to maintain fluid balance. 

Care must be used not to induce electrolyte disturbances by inappropriate 

use of replacement and maintenance fluids. Maintenance fluids (ie, 0.45% saline 

in 2.5% dextrose: Normosol-M; Plasma-Lyte 56) differ from replacement fluids 
in that they generally have a much lower sodium concentration (approximately 

40 mEq/L in maintenance fluids versus 150 ml q/L in lactated Ringer s solution 
and 154 mEq/L in physiologic saline solution), and a higher potassium concen¬ 
tration (13 mEq/L in maintenance fluids vs 4 mEq/L in LRS). The reason for 

this difference is that the daily requirements of sodium and potassium are not 

directly related to the serum concentration of sodium and potassium. Inappropri¬ 
ate use of rehydration fluids for maintenance fluids for several days is likely to 

result in hypernatremia. On the other hand, administration of excessive quanti¬ 
ties of maintenance fluids or electrolyte free fluids (5% dextrose) may result in 

hyponatremia. 

Electrolyte and acid-base disorders are common in patients with azotemic 
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oliguric acute renal failure, l ecau.se they are potentially life threatening, a high 
priority should he placed on their detection and treatment. 


Potassium levels should he monitored closely in the intensive care setting. 
In patients with ARF, serum potassium varies substantially with the volume of 
urine produced. Life threatening hyperkalemia may develop during the oliguric 
phase of acute renal failure secondary to decreased glomerular filtration and de¬ 
creased tubular secretion. Hyperkalemia may he aggravated as a consequence 

of widespread cellular damage and/or shifts of intracellular potassium into the 
extracellular fluid as a result of acidosis. Hyperkalemia is less commonly associ¬ 
ated with nonoliguric acute primary 1 renal failure. With the exception of hypoad¬ 
renocorticism, it is rarely associated with prerenal azotemia. However, it is very 
common in patients with postrenal azotemia. The severity of hyperkalemia may 

also he increased by inappropriate use of potassium-containing fluids and/or drugs 
such as angiotensin converting enzyme inhibitors. Because acidemia potentiates 

the severity of hyperkalemia, serum potassium concentration should be inter¬ 
preted in context of the acid-hase status of the patient. 

Serum potassium concentrations >6.5 to 7.0 mEq/L can cause cardiac con¬ 
duction disturbances (bradycardia, atrial standstill, idioventricular rhythm, ven¬ 
tricular tachycardia, fibrillation). If oliguric renal failure is suspected an EKG 

should be performed to assess cardiac function. However, EKG’s are not a reliable 
substitute for evaluation of serum potassium concentration. Other clinical signs 
of hyperkalemia include generalized muscle weakness and neurological abnor¬ 
malities. 


Initial therapy of hyperkalemia may He designed to: 1) remove excessive 
potassium from ihe body, 2) redistribute potassium from the extracellular to in¬ 
tracellular fluid compartments, or 3) counteract the membrane effects of hyper¬ 
kalemia. The type of treatment selected for hyperkalemia is determined by the 

severity of this abnormality and concurrent cardiac and neuromuscular distur¬ 
bances. 


In most circumstances, mild hyperkalemia (potassium concentration 6.0 
mEq/L or less) will resolve following initial fluid replacement. Moderate hyperka- 

7.5 mEq/L) usually will resolve following 

administration of potassium free fluids (dilution), correction of acidemia with 
sodium bicarbonate (redistribution), and improved urine flow (excretion). Treat¬ 
ment with furosemide may also promote kaliuresis. Of these options, sodium 

bicarbonate is commonly used first because Kith hyperkalemia and acidemia 
commonly occur in association with ARF. 

Sodium bicarbonate increases extracellular pH and produces cellular ex¬ 
change of potassium for hydrogen ions. The dosage of sodium bicarbonate may 

be based on the calculated bicarbonate deficit (refer to the section on treatment 

of metabolic acidosis). If measured serum bicarbonate concentration is unavail¬ 
able, sodium bicarbonate may be administered at 1 to 2 mEq/kg IV over 15 to 


lemia \ potassium concentration 6.0 to 
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20 minutes.' Beneficial effects usually begin within 10 minutes and may persist 
for 1 to 2 hours. If pre-existing hypocalcemia is present (especially common in 

patients with ethylene glycol intoxication), NaHCO* must be given cautiously 
because it may lower ionized serum calcium concentration and precipitate a hy- 
pocalcemic crisis. 

If severe increases in serum potassium concentration (>8 mEq/L) are asso¬ 
ciated with cardiotoxicity, emergency drugs that decrease potassium concentra¬ 
tion (sodium bicarbonate or glucose), or that counteract the effects of hyperka¬ 
lemia on cardiac conduction (calcium gluconate) may be considered. 

Glucose stimulates insulin release and promotes the transcellular uptake of 

potassium. Therefore, if NaHCO^ is ineffective or inappropriate, 20 to 50% dex¬ 
trose may be administered at l.5g/kg IV to increase the intracellular shift of 

potassium. Alternatively, regular insulin can be given intravenously at 0.1 to 

0.25 units in combination with dextrose at 1 to 2 grams per unit of administered 
insulin.' However, administration of insulin offers little benefit over the effects 

of glucose alone. If insulin is given, blood glucose must be serially monitored to 

avoid iatrogenic hypoglycemia. 

Calcium giuconare directly counteracts the toxic effects of potassium on the 

heart, but does not lower serum potassium concentration. It may be administered 

as a 10% solution at a dose of 0.5 to 1.0 ml/kg over 10 to 15 minutes to correct 

life threatening electrocardiographic abnormalities.' Infusion of calcium gluco¬ 
nate may be discontinued when the heart rate increases, or when arrhythmias 
detected by ECG are controlled. The effects of calcium infusion on the electro¬ 
cardiogram are rapid in onset, but short-lived (approximately 25 to ^5 minutes'. 
Therefore, infusion of calcium should be recognized as a very short term type of 

supportive therapy designed to correct immediate life threatening cardiotoxic 
effects. 


Caution—Combining calcium solutions with bicarbonate solutions should 
be avoided since an insoluble precipitate of calcium may form. Also, because 
rapid injection of calcium solutions may cause hypotension and cardiac arrhyth¬ 
mias, arterial blood pressure should be monitored during calcium administration. 
If conventional therapy fails to provide an immediate or lasting resolution of 

the hyperkalemia, peritoneal dialysis or hem dialysis is indicated. 


Hypokalemia may develop during the diuretic phase of ARF. Administra¬ 
tion of fluids devoid of potassium (0.9% saline solution), diuretic therapy (espe¬ 
cially hypertonic dextrose), inadequate dietary potassium intake, vomiting, and 
diarrhea may contribute to the development of hypokalemia. By altering sys¬ 
temic hemodynamics and decreasing GFR, hypokalemia may contribute to fur¬ 
ther impairment of renal function. 

Abnormalities typically noted with hypokalemia fall into four main catego¬ 
ries: 1) neuromuscular, 2) cardiac, 3) renal, and 4) metabolic. Irrespective of 
cause, clinical signs of hypokalemia (anorexia, vomiting, gastric atony, intestinal 
ileus, skeletal muscle weakness, cardiac arrhythmias, and impaired renal concen- 
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crating capacity) may occur it the >mnn potassium concentration is lower than 

2.5 mEq/L. 

Potassium supplementation of parenteral fluids given should be based on 
serial evaluations of serum potassium concentration. The rate of intravenous 
potassium administration should not exceed 0.5 mEq/kg/hour. Once hypoka¬ 
lemia has been corrected, therapy should he continued to maintain normal serum 
potassium. This is usually achieved via potassium enriched IV fluids. Supple¬ 
menting the potassium content of fluids to 10 to 30 mEq/L with KC1 is usually 

sufficient to maintain normokalemia in nonoliguric patients As soon as the pa¬ 
tient can tolerate oral therapy, potassium supplements may be given by mouth. 




Patients with acute renal failure typically have metabolic acidosis due to 
excessive production and impaired renal excretion of metabolic acids, impaired 
renal tubular reabsorption of bicarbonate, and impaired production of ammonia 
by the renal tubules. Consequences of metabolic acidosis associated with acute 
renal failure include anorexia, vomiting, weight loss, lethargy, and exacerba¬ 
tion of hyperkalemia. Severe acidemia may be associated with reduced cardiac 

contractility, peripheral arterial vasodilation, and central venoconstriction. 

Decreases in vascular compliance may predispose patients to pulmonary edema 
during administration of fluids. Metabolic acidosis may contribute to hone de¬ 
mineralization and progression of renal failure. 

Treatment should he formulated by assessing serum bicarbonate (TOO 2 ) or 

a venous bltxxl gas profile. If serum bicarbonate or Mood gas values arc not avail¬ 
able, the magnitude of bicarbonate deficit may be estimated according to the fol¬ 
lowing scale: 5 mEq/L in mild uremia; 10 mEq/L in moderate uremia; 15 mEq/L 

in severe uremia. 

Mild metabolic acidosis (serum HCO3 > lo mEq/L) usually resolves after 
fluid replacement and the onset of diuresis. 

In patients with severe metabolic acidosis (blood pH <7.3, or total CO* 
<15 mEq/L), sodium bicarbonate should be administered intravenously in in¬ 
creasing doses until symptoms are relieved (TCO* contenr a 
until evidence of sodium overloading prevents further therapy. I he quantity of 

bicarbonate needed to correct existing deficits in the extracellular fluid may he 
estimated from the formula: 

mEq HCOj required = kg body wt X 0.3 X base deficit 

Base deficit = (desired HCO } - measured HCO 3 ) 

To minimize iatrogenic complications, the immediate goal is not to attempt 
to restore acid-base balance to normal, but rather to administer sufficient bicar¬ 
bonate to ameliorate the adverse cardiovascular effects associated with acidosis. 
This may be accomplished by administering half the dose calculated to correct 
the bicarbonate deficit slowly over 30 minutes. lire remainder of the dose may 

be given with IV fluids during the next 2 to 4 hours. Scrum TCO 2 (or blood gas 

measurements) and electrolytes should be reassessed following initial replace- 
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merit and daily to determine whether the deficits have been adequately replaced 
or whether additional replacement therapy is required. Once acidemia has been 

corrected, mo^t uremic patients require additional bicarbonate (estimated to he 
80 to 90 mEq/kg/day) to offset production of metabolic acids. 3 The dose selected 
should be adjusted on the basis of serial evaluation of serum TCO 2 concentration 
or blood bicarbonate concentration. 

Caution—Administration of excessive NaHCCh rnay result in iatrogenic 
ionized calcium deficits, metabolic alkalosis, paradoxical CSF acidosis (when sc^ 

vere respiratory disease exists), cerebral edema, hypernatremia, hypokalemia, 

ECF volume overload, hypertension, and pulmonary edema. 




in 




Persistence of oliguria and azotemia following initial fluid therapy may be 
related to inadequate correction of prerenal factors that are reducing renal perfu- 
sion. Before considering diuretics and/or vasodilators, a volume of fluid equal to 
approximately 3 to 5% of the patient's body weight may be administered after 

apparent correction of clinical dehydration. The rationale for this fluid bolus is 

that 3 to 5% dehydration may be clinically undetectable. In addition, because 

generalized renal disease may impair renal auto-regulatory mechanisms that nor¬ 
mally preserve renal perfusion and glomerular filtration over a wide range of 

blood pressures, slight overhydration is preferable to ongoing unrecognized dehy¬ 
dration that may exacerbate die severity of renal lesions. If intravenous fluid 
therapy fails to promote appropriate diuresis after rehydrating the patient (urine 
output is <1 ml/Kg/hr), the oliguria is likely to be associated with intrarenal 

causes. Further attempts to induce diuresis by intravenous fluid t aerapy alone 

are usually futile and will likely result in iatrogenic overhydration. Therefore, 

pharmacologic management of oliguria may be considered. 

Diuretics (furosemide, mannitol, and/or hypertonic dextrose) and vasodila¬ 
tors (dopamine) are generally advocated for treatment of acute oliguria that per¬ 
sists after (not before) rehydrating the patient. If diuresis is associated with in¬ 
creased jFR, the severity of hyperkalemia, acidemia, and nitrogenous waste 
product retention is often reduced. Even if GFR does not improve, induction of 
diuresis may minimize factors related to obstruction of renal tubular lumens, and 

also reduce the risk of iatrogenic overhydration. 

If appropriate diuretics and vast dilators are not given early in the initiation 
phase of ARF, their efficacy in reducing the functional and morphological alter¬ 
ations often is negligible. On the other hand, prematurely inducing diuresis prior 
to rehydration can aggravate or prolong renal injury. 

Caution —If oliguria persists despite diuretic therapy, care must be taken to 
avoid iatrogenic overhydration (see able 22-8). 

Furosemide (Lasix, Hoechst) is commonly nsec when fluid rc^ 

placement alone does not produce adequate diuresis because it rosemide is readily 

available, relatively easy to administer, and because a short course of therapy is 
associated with minimal risks. By impairing reabsorption of chloride and sodium 
in the thick ascending limb of Henle’s loops, furosemide enhances tubular flow 
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rate and thereby may reduce obstruction of renal tubular lumens. It may also 
impair glomerulotubular feedback, one of the compensatory mechanisms that 
may contribute to oliguria by sustaining renal vasoconstriction and reduced 
GFR. However, diuresis induced by furosemide may not coincide with improved 

GFR. 


An initial dose of 2 to 4 mg/kg is given intravenously. If dturesis occurs, 

the dose may be repeated every 6 to 8 hours, or may be given at a constant 

infusion rate of 0.2 5-1.0 mg/kg/hr for up to 48 hours. However, if urine produc¬ 
tion remains <lml/kg/hr after 30 minutes, the original dose may be doubled (4 

to 8 mg/kg) and given rapidly. If there is no response, other alternatives should 
be considered. 

Because treatment with furosemide alone often does not cause an increase 
in GFR, a combination of furosemide with dopamine or mannitol may be more 
effective in increasing GFR and inducing diuresis than treatment with either of 
these agents alone. The pharmacologic effects of dopamine and furosemide are 

synergistic in promoting diuresis. 

Caution—Furosemide should not be given ro patients that are dehydrated. 

Likewise, it should not be routinely used in patients with nonoliguric ARF unless 

they are hyperkalemic or overhydrated. Because turosemide h;ts been reported 

to exacerbate gentamicin toxicity, it is not recommended in patients with acute 

renal failure caused by aminoglycosides. Other adverse effects include electrolyte 

depletion (especially potassium and sometimes calcium), hypotension, gastroin¬ 
testinal disturbances, ototoxicity, and weakness. 


Because reduced renal blood now contributes to the pathogenesis 
of many forms of ARF, vasodilators have been advocated as a logical choice 
for therapy. Dopamine (Intropin; Faulding, a precursor of norepinephrine) has 
become popular because of its potential to selectively promote renal vasodilation 

without causing changes in peripheral vascular resistance and systemic blood 
pressure. Beneficial response to intravenous dopamine infusions varies with spe¬ 
cies {Jog > cat), dosage (low > high), severity of renal damage (mild > severe), 
and duration (short > long) of renal damage. 1 In dogs, constant intravenous 
infusion of dopamine at low doses (approximately 0.5 to 2 mierograms/kg/min) 

may be associated with vasodilation of renal vessels, increased renal blood flow 
and glomerular filtration, and enhanced renal excretion of sodium, thereby facili¬ 
tating conversion of oliguria to polyuria. 3 Doses between approximately 2 to 5 

mierograms/kg/min may increase cardiac output. However, higher doses may 
cause undesired vasoconstriction, tachycardia, and cardiac arrhythmias. 

Dilution of 50 milligrams of dopamine in 500 ml of lactated Ringer’s solu- 

non or 5% dextrose in water will yield a solution containing 100 micrograms 
of dopamine per ml. Because of the potential for excessive doses of dopamine 
to cause vasoconstriction and oliguria, dopamine infusions are administered with 
the aid of an IV infusion pump. Because dopamine may he inactivated in an 
alkaline environment, it should not be administered in fluids containing sodium 
bicarbonate. Combining dopamine infusion (2 to 5 mierograms/kg/min) with 

furosemide (0.5 to 1 mg/kg/1 ir) may produce synergistic effects that enhance 
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diuresis. Once adequate diuresis is established, therapy should be continued until 
renal function can sustain fluid, electrolyte, and acid base balance without drug 


therapy 


Since administration of dopamine may be associated with cardiac arrhyth- 

mias, monitoring cardiac rate and rhythm by EKG is warranted. Dopamine 
should not he used concurrently with metoclopramide (a dopamine antagonist). 

It therapy is not associated with onset of diuresis in the first tew hours after 

the onset of oliguria, further therapy is unlikely to be beneficial. Once oliguria 

becomes refractory to diuretic therapy, dialysis is often the only effective alterna¬ 


tive 


In cats, intravenous infusion dopamine is not associated with a significant 
increase in renal blood flow and urine output, be cause cats apparently do not 
have renal dopamine receptors. 1,3 Although higher doses of dopamine given to 
cats may he associated with diuresis and natriuresis as a result of stimulation of 

alpha-adrenergic receptors that increase blood pressure and decrease renal tubu¬ 
lar sodium reabsorption, the risk of cardiac side effects also increases. Pending 

further efficacy and safety studies, dopamine therapy cannot be routinely recom¬ 
mended for treatment of oliguric renal failure in cats. 


Mannitol is often recommended in initial treatment of oliguric 

acute renal failure because clinical experience indicates that it is generally more 

effective than furosemide. The beneficial effects of mannitol have been attrib¬ 
uted to: 1) increased vascular volume and renal perfusion, 2) decreased renal 

vascular resistance, 3) impairment of renin release, 4) enhanced osmotic diuresis 
promoting excretion of solute and water, 5) increased release of atrial natriuretic 

peptide, 6) decreased swelling of renal tubular epithelial cells, and 7 reduced 

obstruction of tubular lumens by casts and epithelial cell debris. 

As with all diuretics, mannitol therapy should not be given until the patient 
is properly rehydrated (nor should it be given to oliguric patients with iatrogenic 
overhydration). The recommended intravenous dose is 0.5 to 1.0 gram/kg of a 

10 to 25% solution given slowly (over 10 to 20 minutes). Urine output should 

improve within 60 minutes if the treatment is effective. If significant diuresis 

adjust therapy to provide a constant rate of intravenous infusion at a 

dose of 1.0 to 2.0 mg/kg/nun. Alternatively, mannitol can be given as intermit¬ 
tent boluses of 0.25 to 0.5 grams/kg every 4 to 6 hours during the next 24 to 

48 hours/ The total dose should not exceed 2 grams/kg as higher doses may 

increase the risk of neurotoxicity, 

If significant diuresis does not develop within approximately 60 minutes of 

the initial intravenous bolus of mannitol, an additional intravenous bolus of 0.25 
to 0,5 grams/kg may be given. If oliguria persists, therapy with mannitol should 
be discontinued because of unacceptable risks associated with overhydration and 
mannitol intoxication. 

Delay in initiating mannitol therapy following the onset of acute oliguric 
renal failure decreases the likelihoi J that it will be effective in inducing diuresis. 
Mannitol is contraindicated for treatment of oliguria in overhydrated oliguric 
patients and patients with congestive heart failure because the resulting increase 
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in intravascular volume may precipitate clinical signs associated with iatrogenic 

overhydration. 


Inducing osmotic diuresis with hypertonic (10 to 

20%) dextrose may be used as an alternative to mannitol. Dextrose solutions 
are easy to formulate and the effects are similar to those of mannitol. However, 

osmotic diuresis induced with mannitol therapy may be expected to produce a 

more consistent response since it is not metabolized or reabsorbed by the tubules. 

Hypertonic dextrose may be administered at a dose of 25 to 50 ml/kg as 
an intermittent slow intravenous bolus over 1 to 2 hours. If effective (urine 
output 

times per day. However, a poly ionic isotonic solution such as lactated Ringer’s 
solution should also be given to prevent dehydration and electrolyte depletion. 
A potential advantage of hypertonic dextrose over mannitol is that the urine 

may he monitored for the appearance of glucose. The onset of glucosuria indi- 

cates that the magnitude of hyperglycemia is sufficient to exceed the renal trans¬ 
port maximum for glucose, which in tum should facilitate osmotic diuresis. Thus 
the infusion may I discontinued prior to the development of volume over¬ 
expansion if glucosuria is not detected. However, because detection of glucosuria 
does not necessarily coincide with an increased rate of untie production, quanti¬ 
tative assessment of urine volume should also he monitored. 






approximately 1 to 3 ml/minute), the dose may be repeated up to 3 
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Nutritional therapy is an important component of supportive care needed 
by patients with acute renal failure. Acute renal failure accompanied by anorexia 
and vomiting is associated with hypercatabolism of body proteins and calories. 

Protein calorie malnutrition exacerbates the severity of many uremic manifesta¬ 
tions (including increased production of protein catabolites, negative nitrogen 

balance, impaired immune function, increased susceptibility to infections, glu¬ 
cose intolerance, electrolyte disturbances, and acidemia). Metabolic acidosis may 

further exacerbate catabolism of body proteins, which in tum magnifies azotemia, 

hyperkalemia, hyperphosphatemia, and loss of muscle mass. Inadequate nutrition 
may also slow recovery by impairing regeneration of renal tissues, and compro¬ 
mising renal compensatory hypertrophy. 

Evidence of malnutrition includes hypoalbuminemia, lymphopenia, muscle 

anorexic patients will lose approximated 
mass per 1000 kilocalories o! energy required j'er day. Unfortu¬ 
nately, changes in body weight associated with fluid balance may mask loss oi 
muscle mass and fat stores. 

Uncontrolled vomiting and gastroenteritis during the initial phases of acute 

renal failure may preclude the use of oral or enteral protocols of nutritional ther¬ 
apy. However, if a well-nourished patient with acute renal failure is likely to 

resume voluntary consumption of fou: within ^ to 5 days from the onset of a 

uremic crisis, specialized methods of nutritional support are often unnecessary. 
In this scenario, the main focus is appropriate treatment of vomiting, gastritis, 


wasting, and weight loss. In general 
0.3 kg of body 
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and disturbances in fluid, electrolyte, and acid-base disturbances. If rapid re- 

sponse allows the patient to resume eating and drinking, nutritional management 

may he focused on appropriate dietary modifications, including reduced quanta 
ties of phosphorus and high quality protein, and provision of adequate nonpro¬ 
tein calories to minimize catabolism of protein for energy-. When possible, effort 

should he made to encourage the oral intake of calories hy offering a highly 
palatable diet. If a nauseated or vomiting uremic patient is given a diet designed 
for long-term management of renal failure, aversion to that food may develop. 

aversion is most likely to occur if nauseated patients are force ted. To 

minimize the possibility of aversion to renal failure diets, they should not he 

offered toi patients until the underlying causes contributing to anorexia, nausea, 
and vomiting are eliminated. 

Daily caloric requirements should be primarily supplied in the form of carbo¬ 
hydrates. Nutrient requirements should ideally be supplied by dietary formula¬ 
tions containing essential proteins or amino acids in quantities that will not 

result in undesirable production of protein cataholites. 9 If vomiting is not a major 
problem and the patient is alert enough to avoid aspiration of vomited stomach 
contents, a nasoesophageal rube may be used for short-term administration of 
liquid renal diets, oral medications, and water. A percutaneous gastrostomy tube 

(PEG tube) may he more effective for long term management of the inappetant 

patient. PEG tubes are usually well tolerated hy the patient and arc usually large 

enough to accommodate blenderized mixtures of canned prescription renal diets. 

PEG rubes also facilitate administration of oral fluids and medications. 

When uncontrolled vomiting prevents effective use of oral or enteral proto¬ 
cols of nutritional support, parenteral nutrition should he considered. In-depth 

discussion about enteral and parenteral nutritional management of patients in 

acute renal failure is beyond the scope of this chapter, hut is described elsewhere." 






10 


Uremic anorexia, nausea, vomiting, and diarrhea are common manifesta¬ 
tions of ARF. Lxral factors include ulcerative stomatitis, erosive gastritis (associ¬ 
ated with gastric acidity mediated by hypergastrinemia), and uremic colitis. Cen¬ 
tral factors associated with uremic vomiting include stimulation of the medullary 

emetic chemoreceptor trigger zone by circulating uremic toxins, and intolerance 

to some medications. 

Oral fluids and fi 


should he withheld until vomiting has been controlled 
for 24 hours. Discomfort associated with oral erosions and ulcerations may be 
reduced by application of compounds containing lidocaine (2% lidocaine vis¬ 
cous; Roxane Labs Inc). Oral rinses with 0.12% chlorhexidine solution (CHX- 


Guard; VRx Products) may he used to reduce bacteria. Hypergastrinenua- 

induced anorexia, nausea, and vomiting may he interrupted hy parenteral 

administration of H?-reccptor antagonists such as cimetadine (Tagamet; Smith- 

Kline, French), ranitidine (Zantac; Glaxo-Wellcome), or famotidine (Pepsid; 

Merck). Because these drugs are dependent on renal excretion for elimination, 

their dosage should he reduced in proportion to the severity of renal failure. As 
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an alternative to H* receptor antagonists, proton pump blockers (omeprazole, 
Prisolec; Astra, Merck) may be used to impair gastric acid secretion. 

Metoclopramide (Reglan; Robbins) may be given intravenously to minimize 

the action of uremic toxins on the medullary emetic chemoreceptor trigger zone. 

Metoclopramide also promotes gastric emptying. 

Caution—Metoclopramide is a dopamine antagonist and therefore should 

rot he used when dopamine is being given in attempt to promote renal vasodila¬ 
tion. Likewise, because metoclopramide is eliminated primarily via the kidneys, 

the dosage should he adjusted when given to patients that are uremic. 

Patients in the intensive care setting should he monitored for melena, de¬ 
creasing i CV, and a disproportionate increase in BUN relative to creatinine. 
All of these parameters may indicate gastrointestinal bleeding. Conventional 

therapy usually includes an H i receptor antagonist and a gastroprotectant such 
as sucralfate. 

Patients in renal failure commonly are intolerant to gastrointestinal side 
effects of many drugs. In addition, some drugs may contribute to anorexia by 

impairing taste or smell. Therefore, the manufacturer’s recommendations and 

description of side et fects should he reviewed before giving any drug to a patient 
with renal failure. Because many renal failure patients are intolerant to drugs, 

they should not be routinely given with the philosophy that they might help 

hut will do no harm. 


Patients with acute renal failure are at high risk for development of nosoco¬ 
mial bacterial infections, especially when hospitalized in intensive care units. 

Indwelling intravenous and urinary catheters are a common source of this prob¬ 
lem. Therefore, urinary catheters should only be used when necessary. When 
used, quantitative urine cultures should be performed at appropriate intervals 

with the goal of timely identification of nosocomial infections (see Table 22-7). 

Treatment of urinary tract infections should be based on antimicrobial suscepti- 

>nse to therapy should he based on eradication of bacte¬ 
rial pathogens verified by quantitative urine culture. In general, prophylactic use 
of antimicrobial agents to prevent bacterial infections is contraindicated because 
it predisposes the patient to infections with resistant pathogens. 


hility tests. Likewise, res 


in 




Once oliguria becomes refractory to fluid and diuretic therapy, peritoneal 

or hemodialysis are often t he only effective alternatives. Dialysis may sustain the 

life of the patient until repair of renal lesions and compensatory hypertrophy of 

viable nephrons allow the return of adequate homeostasis to sustain life without 

intensive therapy. Dialysis may also he used to treat overhydration, and to re¬ 
move nephrotoxins including drugs. 2,4 In the interim, fluid therapy should be 
carefully titrated to provide for insensible and continuous losses without over- 
hydrating the patient. 
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Early recognition of ARF combined with proper therapy during the initiation 
phase may minimize the severity of renal parenchymal damage anti dysfunction. 
Once the maintenance phase has been established, the renal lesions can not he 
reversed by specific therapy. In addition, the magnitude of deficits and excesses 
in fluid, electrolyte, and acid-base balance associated with the maintenance 
phase of oliguric renal failure often vary significantly from those associated with 

the polyuric recovery stage. For example, patients with oliguric renal failure may 

develop life threatening hyperkalemia and acidemia, whereas patients with poly* 

uric renal failure are typically normokalemic and may even become hypokalemic. 

In addition, patients in the oliguric maintenance phase of ARF are at high risk 

for iatrogenic overhydration, whereas patients in the polyuric phase of ARF are 

predisposed to dehydration, especially if vomiting impairs compensatory poly¬ 
dipsia. 
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While other imaging modalities are more advanced and have greater sensitivity for 

certain conditions, radiography is still the mainstay for the diagnosis of most intra- 

thoracic and many intra-abdominal critical conditions. This modality has speed, low 

morbidity, and high detail as some of its many advantages. A thorough knowledge 

of the indications and contraindications of radiography and the ability to interpret 

h I ms is essential for al 1 critical care clinicians. Th is chapter hopes to provide a cone ise 

treatise on radiography and radiology of acute and chronic critical conditions. 
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Radiography is the image collection system whereby x-ray photons differen- 

tially pass through the patient and reach the film-screen system, producing a 

latent image. Proper development transforms the latent image to a useful image 
on the x-ray film. This image is durable, portable, and conveniently stored. Ob¬ 
taining useful images depends on many factors. The most important factors are 

either technical or clinical drills, Technical skills include the proper choice of 

film-screen and grid combination, measurement of patient part, choice of views 

and positioning of the patient, adaptation of technique chart to account for 

suspected disease, and processing of images. Clinical skills include proper choice 

of imaging based on suspected disease, timing of imaging in the clinical course 
to avoid undue morbidity, interpretation of the images to reach a radiographic 
diagnosis, integration of the radiographic findings with the clinical signs, and 
the decision to seek alternate or more advanced radiographic studies. 

Technical skills are extremely important and can change the study from a 
nondiagnostic study to a wonderfully useful set of images. We assume that the 
patient need only be casually placed on the tabletop and let the photons fly! In 
reality the art of radiography requires an adept sense of physics, chemistry, and 
clinical medicine. The physics component requires knowledge of x-ray beam 

production, attenuation, and scatter. The competent radiographer is a chemist 

with a keen >ense of the state of the developing chemicals and how they can 

assist with the production of artifacts and useful images. 

The “clinical” part of technical skills is perhaps the most important. It in¬ 
volves asking relevant questions about suspectet diseases, especialh how the 
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Where does contrast radiography tit into the clinical radiography contin¬ 
uum? Ir can he vital or unnecessary in two closely related cases. In one clinician’s 
hands, a set of survey abdominal radiographs can provide enough information 

to alert him to a surgical disease. In another clinician’s hands, these same films 

only fx>se a question requiring a more definitive test. In the following section, 

contrast radiography is discussed from the view of a clinician seeking a Jefii i irive 

answer from a question posed by abdominal radiographs. 

Nothing can be such a big waste of time or as definitive a test as contrast 

radiography. All of us have been associated with the 6-hour upper gastrointesti¬ 
nal series that yielded a radiological diagnosis of “possible enteritis.*’ But the 
next case can result in the definitive diagnosis ot lucent gastric foreign 

matter of minutes (Fig. 23-1). How can this range of utility be tolerated. 7 Easily. 

Radiography, especially contrast radiography, is an exceptionally demanding 
field of imaging requiring keen insight into case selection and utmost expertise 
of technique. Ask any radiologist for a case example of what makes an “artist.” 


y in 




Figure 23-1 

Oblique lateral radiograph of 2 year old female spayed Labrador retriever with ball 
gastric foreign body. Approximately 200 ml of air were added to the stomach by oro 

gastric tube. Note the margin of the ball (black arrow) in the stomach lumen. 
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Figure 23-2 

Lateral radiograph of thorax of 5 year old male neutered Sheltie with esophageal 
foreign body. Note barium in caudal thoracic esophagus surrounding the foreign 
body. 


Most of them will remember the case where they properly chose a contrast study 
that was simple, quick, low in morbidity, and high in sensitivity and specificity 
tor the disease suspected. Let’s discuss a few examples where contrast radiography 
can be useful. I have included dosages and indications. With dosages I have 

attempted to eliminate the infamous “range of dosages” which leave the reader 
frustrated as to which end of the range to utilize for a given case. Adjust the 

dose necessary depending on the suspected disease and various patient factors. 

A full bladder is defined as “palpably full” or until relxumd or resistance is noted 
on a 10 ml syringe. Too full is the “hard” bladder of a blocked cat. Too full can 

result in reflux of contrast up the ureters or in bladder rupture. 


1. Esophagography (1 mL/10 lb body weight of barium suspension per os) 

a. Suspected esophageal foreign body (Fig. 23-2 ", stricture, or broncho 

esophageal fistula 

h. Verify location of pulmonary mass in relation to esophagus 

Possible hiatal hernia or gastroesophageal hernia 

2. Pneumogastrography (6 mL/lb body weight of air via oiogastric tube) 

a. Lucent foreign Kxly (hall, cloth, hair, toys) (see Fig. 23-1) 


c. 
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Figure 23-8 

A female 2 year old spayed Welsh terrier with pneumothorax. Note retraction of 
lung margins (black arrows) and "elevation" of heart apex (white arrowhead) away 

from the sternum. 


Itvalu.uum ot a hi ofiiKlsnnm.il radiographs can he verv difficult. Inhcr 

Combined with pcK>r technique. 


ently, the contrast of the abdomen i 
nondiagnostic images are easily prtxluced. Abdominal radiographs are taken for 
evaluation of speciAc signs or as a test to stage of known disease. A thorough 
examination of the entire abdomen is essential for the test to be useful. My 
method for interpreting abdominal radiographs includes the technique ofevalu 
aring film exposure factors, the phase of respiration versus body conformation 
(ol>ese?), and any artifacts. Then in a clockwise fashion examine the thorax 

diaphragm, spine with the spinous processes, vertebral 
foramen, the retroperitoneum, pelvis with hones and organs, ventral abdominal 






i_i 


ies, and intervertebral 




wall, liver, stomach, spleen, 


Ventrodorsal ladiographs are advantageous because they tend to expand the 

abdomen and spread rite contents over a longer region. Oorsoventral abdominal 

radiographs tend to bunch the abdominal contents, causing more overlap and 
super imposition. If the urinary bladder is full, the mass effect will compress adja 


Copyrighted material 







Radiology of the Critical Care Patient I Chapter 

cent structures and caused decreased alxlomin.il detail. Emptying the bladder 

and repeating the radiographs will result in a more diagnostic study 
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In abdominal diseases and trauma, there is generally a loss of intra-abdomi¬ 
nal contra>c, a loss of detail (Fig. 23-9). It can be regional or a local mass from 

neoplasia, an abscess, granuloma, a cyst, or a hematoma. Free fluid is one of the 

causes of loss of contrast. Blood from bleeding masses, systemic coagulopathy, 
or trauma may be interfering with contrast. < rher tree fluids such as pus from 

ruptured gastrointestinal tract or abscess, transudate from right heart failure, hy 
poalhummemia, or vasculopathy, urine from a ruptured urinary tract, bile, or 
chyle may be limiting the contrast. Emaciation, carcinomatosis, and regional 

peritonitis also cause loss of contrast. 

Under many circumstances the evaluation of causes of decreased intra 

abdominal detail will benefit from abtl >minal sonography. Ultrasound and radio 

graphs are complimentary imaging tests. After a confusing sonographic evalua 
tion, radiographs are often beneficial to elucidate the origin of a large mass, cause 
of large accumulations of gas or minerals, and provide additional information 
on the gastrointestinal tract. Many patients seem to fly to the ultrasound room 
prior to radiographs being taken. Although economics and sensitivity issues are 






























Figure 

Lateral thoracic radiograph of 1 year old Persian cat with peritoneal effusion. Note 

retroperitoneal detail 


increased opacity throughout peritoneal space with g 

(white arrow pointing to margin of kidney in retroperitoneal space). 
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figure 

Lateral abdominal radiograph of 3 year old male neutered domestic short haired cat 

with retroperitoneal effusion due to renal failure associated with easter lily toxicity. 
Note the increased opacity in the dorsal abdomen and loss of retroperitoneal detail 

(black arrow). 


valid, remember that radiographs are a very important part of the evaluation of 
intra-abdominal lesions. 

Retroperitoneal effusion (Fig. 23-10) can be caused by urine from a rupture 

of a ureter or avulsion of a kidney, trauma, or urolithiasis; by blood from trauma 
or coagulopathy; or by edema from acute renal failure. In dogs, renal failure may 
be caused by ethylene glycol toxiciry or leptospirosis. In cats, HP, Easter lily 
toxicity, and lymphoma can be the causes (see Fig. 23-10). Radiographs of retro¬ 
peritoneal effusion will show increased opacity in the dorsal intra-abdominal 
fascial planes that usually contain fat. 

Obstruction of the small intestine can be caused by foreign bodies, neopla¬ 
sia, intussusception, or vascular compromise (Fig. 23-11). Radiology will show 
dilated small intestines as evidenced by the outside diameter (serosa to serosa) 

of intestinal loop exceeding the height (on the lateral projection) of an end 
plate of a lumbar vertebra. Do not utilize the mid-body region, as this is substan¬ 
tially narrower than the end plate region. Usually there are two populations of 
small inrestines; the orad (= upstream) population is dilated and the other, ab- 
oral group, has normal diameter. This dichotomy of diameters is the hallmark 
of small intestinal obstruction. Contrast radiology is often helpful in these cases. 

An upper GI series can confirm small intestine dilation. Conversely, it can con¬ 
firm normal or identify the lai ge intestine loops (pneumocolonography) to avoid 
confusion as a dilated small intestinal loop. 
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Figure 23-11 

Lateral abdominal radiograph of 8 year old male Springer spaniel with small intesti 
nal obstruction. Note dilated intestinal loops and aspiration pneumonia. 


The skull and spine are usually evaluated for specific localized neurologic 
signs. Therefore! rhe evaluation of radiographs can often he biased for location 

and type of disease. This error in radiology can lead to mistakes of omission. A 

complete evaluation is just as necessary in these body parts as rhe thorax and 

abdomen. 


The skull is particularly difficult to evaluate on survey radiographs. Even 

the seemingly simple diagnosis of fracture can he inordinately difficult. Because 

of the round shape, fractures of the skull can hide very well, even with multiple 

oblique projections, fractures can be occult. Tomographic imaging, especially 

computed tomography (CT), i 

resonance imaging (MRI) is the most sensitive and specific test for most organic 
lesions of the brain anil spine. In some larger practices, myelogTaphy has been 
replaced by MRI studies. This is especially true of cauda equina syndrome in 
the lumbosacral region where MRI is more accurate and sensitive than contrast 
radiographic procedures, including myelography, epi 
and angiography. 

While a discussion of all lesions of the musculoskeletal system is beyond 

the scope of this chapter, a 

certain spinal lesions seems warranted. The signs of trauma to the spine include 


is 
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Figure 23-12 

Lateral radiograph of lumbar spine of 6 month old Rottweiler with discospondylitis. 
Note the lysis of adjacent endplate and collapse of the disc space (black arrow) 

at L4-5. 


The trauma may be secondary to a large physical force or minimal if there is an 
underlying pathologic process. Radiograph ic diagnosis of pathologic bone lesions 


is based on identification of a cl mge in opacity (increased 


or 


or 


of distinct margins. The underlying process may be inflammatory or neoplastic. 
If neoplasia is suspected, then additional imaging includes appropriate testing 

for the primary site or metastases. The most important inflammatory lesion of 
the spine is diskospondylitis, which manifests as end plate lysis, irregular margina 

Mon, or MiKhondral >clerosis of adi.Kenr vertebrae (lag. 2 M I) 

common in the critical cire setting, disk disease is otherwise so common that 

the signs are worth mentioning. The most common spi 

reduced width of the intervertebral disk space, reduced size and increased opacity 

of intervertebral tor amen, and increased focal opacity of the spinal canal. 
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Musculoskeletal radiographs are lowest on ihe list of radiographic proce 
dures among critical care patients. They 

additional lesions are discovered. The additional lesions can provide more differ 
entials or evidence to support a particular diagnosis. For example, a concurrent 
lytic bone lesion in a dog with lobar alveolar in filtration can provide evidence for 
blastomycosis. Many dogs with systemic diseases have manifestations, including 
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hut adds considerably to rhe evaluation of patients with lupus or tick-home dis 
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Two-dimensional ultrasound sends out multiple side by side sound waves 

which generate a sector or pic-shaped image of the heart. Each beam returns 
information back to rhe transducer from reflected surfaces. Based on the speed 
of souni witlin the body (1540 m/sec) and the time it : ikes for the sound to 

travel to the structure and back to the transducer, the structure s depth is located 

on the monitor as a white spot. Fluid-filled spaces such as the chambers of rhe 
heart or effusions are not cellular enough to reflect sound so nothing is placed 

on the monitor, and thus, will appear black. As the structures in the heart move 

so does their relative distance to the transducer and the time it takes for sound 

to reflect back to the crystals. The location on the monitor is changed accord¬ 
ingly. The result n a moving dynamic image of the heart as it moves throughout 
the cardiac cycles. 

The sound beams leave the transducer as a sheet of sound and are directed 
though any plane of the heart. There are standard saggital and transverse images 
which are landmarks for other imaging planes. 1 In emergency medicine the im 
aging planes arc often modified while searching fin masses or ruptured chordae or 
while performing the exam in nonstandard positions. Knowledge of the standard 
images will help identify the structures seen under these somewhat adverse con- 

: itions. 








M-modc ultrasound stands for “motion mode.” One sound beam is selected 

from the two-dimensional sector and the structures that this beam transects are 

imaged in a diagrammatic fashion. The beam is selected by placing a cursor over 
rhe area of interest and only the structures under the cursor are seen on the M- 
mode. They scroll across a screen; time on the x-axis and depth on the y-axis. 
The structures change in location depending on how they move relative to the 
transducer. Left ventricular M-modes will show the septum and free wall thick¬ 
ening during systole and thinning during diastole. The chamber itself will in¬ 
crease and decrease in size during diastole and systole, respectively. In the critical 
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care situation, M-mode echocardiography is important for assessment of cardiac 

function and size compared to published reference values. 21 
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The Doppler principle states that the frequency of sound changes when the 
position between the sound source and its receiver changes. Within the heart 

this means that when the transducer sends out a Doppler beam, the frequency 
of sound returning to the machine is changed depending on whether the blood 
cells it encounters are moving away from or toward the transducer. When the 
Doppler beam interacts with blood cells moving toward the transducer, the fre¬ 
quency of sound returning to the machine is increased. When the Doppler beam 

interacts with blood cells moving away from the transducer, the frequency of 

sound returning to the machine is decreased. The difference in frequency is then 

converted to velocity measurements by the machine. 

The spectral Doppler flow signal is plotted above a baseline for positive 

frequency shifts or upward flow. Flow reflecting a decrease m frequency is plotted 
below the baseline at its respective velocity to represent blood moving away 

from the transducer. Color flow Doppler simply maps the positive or negative 
frequency shifrs in color. Generally, flow upward is coded in reds and yellows, 
and downward flow is coded in blues and whites. 


1.4 


hulsed-wave IVppler is specifically used when the 
interest in flow is specific to a particular locale. A gate is placed at the area of 

interest and only the flow information from within that area is sampled and 
recorded. This allows specific locations within the heart to be sampled. Pulsed- 
wave Doppler, however, is limited in its ability to record high-velocity flow. As 

its name implies, pulses of sound are sent out. The sound must travel to the gate 

and be received by the transducer again before a new pulse can be sent out. The 
deeper the gate is set, and the higher the frequency of sound used, the longer 
the time interval between pulses. This limits the maximum velocity that can be 
recorded without aliasing. An aliased signal does allow the magnitude of abnor¬ 
mal flow to be assessed, however, by looking for the extent of the aliased flow 

within the atrial or ventricular chambers. It is possible to define the perimeter 
of abnormal flow this way. Continuous wave Doppler cannot do this. 






1.4 


Continuous wave Doppler is used to determine 

the velocity of abnormal flow. It does not specifically record flow at a single point 
along the Doppler beam but records flow all along the sound beam. The highest 
velocities are typically the ones of interest, so ambiguous information is generally 
not a problem. The highest flow is recorded and slower velocities are hidden 

within the tracing. Only when two different abnormal high-velocity flows occur 

at the same time in the cardiac cycle, in the same direction, and in close proxim¬ 
ity to each other, does continuous wave Doppler become difficult to interpret. 
Continuous wave Doppler is used to determine pressure gradients across stenotic 
lesions, shunts, and valvular insufficiencies. 3,4 
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I 


Color Flow Doppler. Color flow Doppler provides instant 


ion. 


velocity and turbulent blood flow is immediately identified. Shunts, regurgitant 


located. Assessment 


effect of these problems is not possible with color flow W pier and spectral Dopp¬ 
ler must be used in conjunction with this modality. Color flow Doppler aliases at 
fairly low velocities so the presence of an aliased signal does not always imply 
abnormal flow, but it does direct the eye to potential 

Although color flow Doppler is a quick and easy way to identify abnormal 
flow within the heart, it provides limited quantitative information. Spectral 

Doppler provides more quantitative information allowing assessment of pressure 
gradient", pulmonary pressures, the hemodynamic significance of defects, and 
the evaluation of diastolic function. M 
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Pericardial effusion is identified as an echo-free space between the ven 
tncular walls and the pericardial sac (big. 24 


Figure 24-1 

Pericardial effusion is an echo-free space surrounding the heart. The inside of the 
pericardial sac is typically smooth and the fluid typically does not extend much past 

the ventricular-atrial junction. Pleural effusion does not have the same smooth lay¬ 
ering around the heart. This is a right parasternal four chamber imaging plane. PE. 
pericardial effusion; RV, right ventricle; RA, right atrium; IV, left ventricle; LA, left 
atrium; P, pericardium; Pleural Eff, pleural effusion. 
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around the left and right ventricular chambers. I he pericardium attaches to 

the heart under the atria and pericardial fluid is not seen around the heart base. 

The inside of the pericardial sac, with the exception of fibrinous pericarditis 
(rarely seen in the small animal), has a smooth surface. Pleural effusion is seen 
around the heart base as well as the ventricles, has irregular surfaces, and may 


contain floating fibrinous tags. Near the top of the sector image on transverse 

there are often echo-free spaces secondary to retractive shadowing and 


views 

this is sometimes mistaken for effusion. Take care to image various planes to 

confirm the presence of pericardial effusion. On sagittal and transverse images 
of the heart, i large left auricle can be seen as an echo-free space between 
the ventricular chamber and the pericardial sac. This left auricular chamber 
becomes smaller toward the apex of the heart on long axis views as opposed 
to larger, and is only present on the right side of the image on transverse 


views. 


End'dtastolic collapse of the right atrium with or without early to mid- 
listolic collapse of the right ventricular chamber has been used as a diagnostic 

criterion for cardiac tamponade (Fig. 24-2). This can be seen on long axis 

four-chamber views, apical four-chamber views, and transverse views of the 
heart base. The amount of pericardial fluid does not determine whether tarn- 


Figure 

Collapse of the right atrial wall (arrow) is a sign of cardiac tamponade. This is a left 
parasternal modified apical four diamber imaging plane. PE, pericardial effusion; LV, 
left ventricle; LA, left atrium; RV ( right ventricle; RA f right atrium; P, pericardium. 
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ponade is present or not. Small effusions in the presence ot a nonpliahle and 

nondistensahle pericardial sac can elevate intrapericardial pressures enough 
to cause tamponade. Tamponade tends to occur with smaller volumes if the 
accumulation is acute, versus chronic accumulations where very large volumes 

can be tolerated before rntrapericardial pressures are high enough to cause tarn- 
ponade 


7 


Recent studies in humans have shown that echocardiographic detection of 

of cardiac 


right ventricular collapse 
tamponade than using the* echocardiographic feature of right atrial collapse 
alone. 8 The presence of ventricular chamber collapse was often seen in patients 
without clinical evidence of cardiac tamponade. Studies suggest that these pa¬ 
tients may have had a mild degree of tamponade with elevated rntrapericardial 

pressures but no obvious jugular distention and other clinical feat ures of cardiac 

tamponade. 

Tumors of the pericardial sac or heart itself are the most common cause ol 
pericardial effusion in the dog. 9 The role of echocardiography, besides confirming 

the presence of pericardial effusion and perhaps tamponade, is to differentiate, 

if possible, between idiopathic hemorrhagic pericardial effusion and effusion 

ondary to cardiac neoplasia. Mesotheliomas are diffuse tumors involving the peri¬ 
cardial sac and pleural spaces. They are typically not detectable by echocardiogra¬ 
phy and usually cannot be differentiated from idiopathic hemorrhagic 

effusions. 9,10 Hemangiosarcomas are most often located within or around the right 

auricular appendage. Hemangiosarcomas are typically heterogeneous in appear¬ 
ance containing many hypoechoic areas. When performing an echocardio- 

graphic study tor the purpose ot ruling m or out the presence ot a mass when 

pericardial effusion is present, obtain images from Kith sides of the thorax when 

the animal is in lateral recumbency as well as standing. The slightly different 
positions of the heart allow tumors, which may not be visible in other planes, 

to swing into view. Even large masses may he missed if a thorough exam is not 

performed/ The presence of pericardial effusion adds significant diagnostic accu¬ 
racy in determining the presence or absence of a mass not located inside the 

auricular, atrial, or ventricular chambers or within their walls. If at all 


was much more specific for the diagnosis 


sible 




always image an animal with pericardial effusion before pericardiocentesis. 
Masses located outside the auricular appendage are seen floating wit lun the peri¬ 
cardial sac (Fig. 24-3). Often a thrombus is seen extending from the mass into 

the pericardial fluid. 

Tumors of the aortic body are typically small and do not create clinically 
significant problems. When they become large and invade the chambers or great 
vessels of the heart or compress the large vessels of the heart, they cause right 
or left heart failure. These masses always involve some part of the aorta. If the 
mass is distal to the aortic arch, or contains small flat tumors extending along 
the wall of the aorta, echocardiographic examination typically will not he of 
value. Otherwise ultrasound images will show the masses next to the aorta, be¬ 
tween the aorta and one of the atrial chambers, or at times between the aorta, 
pulmonary artery, and its bifurcation (Fig. 24-4). 11 Pericardial effusions are ty pi¬ 
cally not necessary to see heart base tumor. 
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Figure 

Hem angiosarcomas are most often seen within the right auricular appendage (large 

arrow). A thin strand of clot extending from the auricular appendage as the tumor 

bleeds into the sac is seen within the pericardial fluid (thin arrow). This is a left para 

sternal cranial long axis image of the right atrium and auricle. PE, pericardial effu¬ 
sion; RV, right ventricle; LV, left ventricle; RA, right atrium. 






Mitnil insufficiency is easy to determine without the aid of echocardiogra 
phy. Echocardiography, however, is necessary to 

the hemodynamic effects of mitral regurgitation. 12 The chronic changes associ¬ 
ated with myxomatous degeneration of the mitral valve are easily documented 

with cardiac ultrasound. The critically ill patient typically will have dilated left 
ventricular and atrial chambers, increased wall and septal motion, excellent 
function, large valvular lesions, and mitral valve prolapse (Fig. 24-*>). The pro¬ 
lapse may he caused by stretched chordae secondary to dilation of the left ven¬ 
tricular chamber resulting in redundant chordae when the chamber contracts 
allowing the valves to buckle back into the atriunu Prolapse may also occur as 
minor chordae are ruptured. 1 * When the leaflet edges or chordae lloat back into 
the left atrium and poinr straight back to the base of the heart, or when they 
fold hack on themselves within the left ventricular outflow tract, there is proba¬ 
bly rupture of a maior chordae. Chronic disease resulting in either rupture or 

stretch of the chordae will have volume-overloaded left ventricular and atrial 


assess ventricular function and 
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Figure 24-4 

Aortic body tumors (arrow) are usually seen associated with the aorta on transverse 
images of the heart base. They are typically seen between the aorta and atrial cham 
bers or around the aorta and pulmonary artery. This is a right parasternal transverse 
image of the heart base at the level of the pulmonary artery. RV, right ventricle; AO 
aorta; PA, pulmonary artery. 


chambers. 1 he degree of volume overload typically correlates with the degree 
of insufficiency. Using color flow Doppler, a regurgitant jet that encompasses 
more than 50% of the atrial chamber is classified as severe insufficiency 
o >Ior flow Doppler shows severe insufficiency with minimal increases in chamber 

sizes an acute rupture has occurred or systemic hypertension is present. 

Myocardial function is typically preserved in these dogs and fractional short¬ 
ening is elevated secondary ro stretch of the myocardial fibers. Fractional shorten' 
ing that is not elevated suggests mild to moderate myocardial dysfunction. Frac* 

ttonal shortening that is below normal implies significant myocardial dysfunction 
and secondary cardiomyopathy. Elevated afterload (ie, hypertension) may depress 

fractional shortening even when intrinsic myocardial function is normal and 

should be ruled out w hen function is questionable. Typically systolic ventricular 
dimensions arc normal when myocardial function is preserved. Animals may he 
in congestive heart failure and have normal myocardial function; they may have 

myocardial dysfunction and low output failure, without being in congestive heart 

failure, or they may have both congestive and myocardial failure. 


14.0 
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Figure 24-5 

Upward septal curvature (fat arrow), an enlarged left atrium, mitral valve lesions, 
and mitral valve prolapse (small arrow) are commonly seen in patients with myxoma 
tous degeneration of the mitral valve. This is a right parasternal long axis left ventric 
ular outflow view of the heart. RV, right ventricle; LV, left ventricle; AO, aorta; LA, 

left atrium. 


The mitral valve is the most common site of infection in dogs, followed by 
aortic, pulmonic, and tricuspid valves. Early lesions, typically smooth and small, 
may not be detectable with transthoracic echocardiography, hut the larger lesions 
are easily seen. Transesophageal echocardiography brings the detection of even 
small lesions up to approximately 90%. 20 Large lesions are usually heterogeneous 
in appearance with hypoechoic and hyperechoic areas within them. It is difficult, 
and usually not possible, to differentiate the large lesions of degenerative mitral 
valve disease fr >m infective lesions. Clinical features must be used to make this 
diagnosis. 21 * 22 The lesions may cause the valve to become insufficient or stenotic. 

Color flow and spectral Doppler can help define stenotic lesions of the mi¬ 
tral valve because rhe diastolic murmur associated with this lesion is often diffi¬ 
cult to hear. Color flow Doppler shows an aliased high-velocity inflow signal, 

whereas spectral Doppler shows a high-velocity E peak (rapid ventricular filling 

f>hase) and slow deceleration creating a fairly square inflow profile. The slow 
deceleration is referred to as a long pressure half-time, the time it takes for flow 

velocity to decrease to half its maximum value. The longer the pressure half¬ 
time and the more square the flow profile is, rhe more significant the obstruction. 


21 
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The diastolic murmurs of aortic insufficiency may also he very soft and color 
flow Doppler helps identify these problems. A turbulent flow signal is seen mov¬ 
ing into the left ventricular outflow tract and chamber during diastole. Diastolic 

jets that extend past the tips of the mitral valves into the left ventricular chamber 

and involve more than half the width of the left ventricular outflow tract are 
considered to be significant insufficiencies. The accuracy of interpreting the se¬ 
verity of aortic insufficiency based on jet size is less than for mitral insufficiency 
because left ventricular pressure and volume play a role in jet size. 1622 A fairly 
square spectral Doppler signal recorded from an aortic insufficiency jet suggests 
that diastolic left ventricular pressures have not significantly elevated secondary 
to this added volume (Fig. 24-6A). Regurgitant flows that have a more triangular 
shape, a rapid pressure half-time, are consistent with elevated left ventricular 
diastolic pressures (Fig. 24-6R). 16,22 Left ventricular compliance and systemic vas¬ 
cular resistance affect the appearance of these flow profiles. Afterload reducing 

agents can cause left ventricular and aortic pressures to equilibrate more rapidly 

creating a triangular flow profile and giving the false impression of hemodynami- 
cally significant insufficiency. 24 Stenotic lesions on the aortic valve create aliased 
high-velocity flow patterns within the aorta and spectral Doppler helps calculate 
the significance of the obstruction by calculating the pressure gradient. Pressure 
gradients greater than 90 mm Hg are considered to represent severe obstruction 

to aortic outflow. 24 

Acute bacterial endocarditis will not have accompanying compensatory di¬ 
lation or hypertrophy. Chronic changes also include excessive wall motion and 
elevated parameters of function if the myocardium is not affected. 

The infective lesions of endocarditis may spread to the chordae tendmae, 
the walls of the aorta, and septum, creating abscesses and rupture of adjacent 
walls. An even greater risk is embolization from large lesions into the coronary 
arteries, brain, or organs resulting in infarction. 20,21 


The prominent features of dilated cardiomyopathy include lei r ventricular 
and left atrial dilation with no compensatory hypertrophy; reduced fractional 
shortening; diminished aortic, atrial, septal, and free wall motion; and increased 

E point-to-septal separation (EPSS). 26 Cats that present with dilated cardio¬ 
myopathy may not have dilation of the left ventricular chamber despite very 
poor function. 27 The right side of the hear: may also be involved and should be 
suspected in animals that present in right heart failure. Although the dysfunc¬ 
tion seen in dilated cardiomyc pathy is diffuse and global, there may he varying 
degrees of dysfunction throughout the ventricle. Mitral insufficiency can range 

from mild to severe. 

Animals present in either low output failure, congestive heart failure, or 
both. Low output failure is documented with low aortic flow velocities. Aortic 
flow velocities are often as low as 0.6 m/sec. Left atrial pressures can be estimated 

using Doppler and the mitral regurgitant jet. Elevated left atrial pressures de- 
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Figure 24-6 

Long pressure half-times, the time it takes for regurgitant flow velocity to decrease 

to half its peak value, are an indication that left ventricular diastolic pressures have 

not elevated significantly secondary to volume overload from aortic insufficiency. (A) 
A fairly square shaped regurgitant jet profile with a long pressure half-time. (B) The 
flow profile shows a rapid deceleration rate, a short pressure half-time, consistent 
with a rapid increase in left ventricular pressures and concurrent decline in regurgi¬ 
tant flow velocity and volume. 


crease the pressure gradient from the left ventricle lo the left atrium during 
systole. As a i esult, Doppler flow velocities of the mitral regurgitant jet are low. 
For example, if the mitral regurgitant jet has a velocity of 4.2 m/sec, the calcu^ 

is 70.5 mm 


lated pressure gradient after applying the Bernoulli equation 

Hg. This means that the left ventricular systolic pressures are 70 mm 1 Ig higher 
than the left atrial pressures. Therefore, if systolic blood pressure is 100 mm I Ig, 
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Figure 24-7 

Spectral Doppler of mitral regurgitant jets can provide information about left atrial 
pressures if a good blood pressure can be recorded. The pressure gradient from the 
left ventricle to the left atrium is calculated from the regurgitant jet velocity. The 

gradient is 62 mm Hg in this example. The gradient is subtracted from systemic sys¬ 
tolic pressures to estimate left atrial pressures. This animal had a systemic blood pres 
sure of 89 mm Hg| resulting in estimated left atrial pressures of 27 mm Hg. 


the estimated left atrial pressure is approximately 30 mm Hg (Fig. 24'7). These 

results are, of course, dependent on accurate alignment with flows and an accu- 
rate blood pressure measurement. 28 * 30 In humans, shorter deceleration times for 
mitral early inflow profiles are correlated to {xx>r prognosis and earlier death. 

Retrospective studies in dogs have shown that no two-dimensional or M-mode 

parameter can he used as a prognostic indicator/ 134 

It is important to state that poor fractional shortening does not always imply 


contractility and dilated cardiomyopathy. Fractional shortening can be af 


poor 

tected dramatically by preload. Volume contraction leads to poor stretch of the 

myocardial filers resulting in poor shortening. Even fractional shortening in the 
high teens to low twenties may simply he secondary to decreased preload within 
the heart. Increased afterload can also decrease myocardial function. Thus afterload 
may he systemic hypertension or secondary to increased preload within the left 
ventricular chamber without the muscle mass ro handle that volume. A chronic 


19 


increase in volume without compensatory hypertrophy implies myocardial disease. 


Concentric left ventricular hypertrophy is the hallmark echocardiographic 


septum, the free wall, or both. Rarely ai 'ical hypertrophy is seen. 35,7 In humans 

small left ventricular chamber sue correlates with severity of symptoms and func 
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Figure 24-8 

Septal systolic thickening is diminished in this cat with severe hypertrophic cardiomy¬ 
opathy. Despite the elevated fractional shortening that would be calculated from 
this M^mode, the lack of septal thickening suggests myocardial dysfunction, RV, right 
ventricle; VS, ventricular septum; LV, left ventricle; LVW, left ventricular wall. 


tiona 1 Limitations. Beware of “pseudo” hypertrophy in the cat that is dehydrated 
or volume contracted. Re-evaluate the heart after adequate rehydration. 

Myocardial function is usually elevated or normal with hypertrophic cardio¬ 
myopathy. When the fractional shortening is normal, inspect the septum and 
free wall. Reduced systolic thickening of the septum and free walls is consistent 
with myocardial dysfunction regardless of the fractional shortening (Fig. 24-8). 

In one study, 72 % of cats with myocardial failure and fractional shortenings less 

than 30% died within 3 months of initial presentation. 

The left atrium is dilated in the critically ill cat with heart disease. Although 
there may he some mitral insufficiency, the left atrial enlargement is secondary 
to impaired relaxation and decreased compliance of the left ventricular chamber. 
Mitral insufficiency is secondary to systolic anterior mitral valve motion (SAM). 

SAM occurs as elevated velocities in the outflow tract pulls the anterior mitral 

valve leallet up into* the ejection flow. This prevents proper coaptation of the 

mitral leaflets, corresponding insuffic tenev, and aggravated our flow obstruction. 

Although there is dispute over the significance of left ventricular our flow obstruc¬ 
tion in feline hypertrophic cardiomyopathy, humans with a systolic pressure gra¬ 
dient of greater than 30 demonstrated significantly more symptomatic patients. 

Reduced left ventricular chamber size added to the functional limitations ot these 

patients with outflow obstruction. 

Impaired relaxation may be documented by measuring the isovolumic relax¬ 
ation time (1VRT). This time period is measured from ihe end of ventricular 
ejection using the aortic flow profile to the beginning of ventricular inflow using 
the mitral inflow profile (Fig. 24-9). Normal cats should have an 1VRT of less 


* 
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Figure 24-9 

The time period from the end of aortic systolic flow to the beginning of mitral dia¬ 
stolic inflow (between arrows) is the isovolumic relaxation time (IVRT). This time pe 
riod is increased (>60 msec) when there is impaired or delayed ventricular relax¬ 
ation, often seen in hypertrophic cardiomyopathy. 


than 60 msec. 2940 Because the ventricular muscle rakes longer to relax, the early 
diastolic filling phase (E peak) is reduced secondary to a reduction in rhe early 

pressure gradient. Atrial contraction in late diastole contributes more than 
its usual sha* of diastolic filling. The resultant E/A ratio is less than 1.5. 29,40 
This partem of left ventricular filling may progress to a pattern representing 

restrictive physiology (see Restrictive Cardiomyopathy se*. tion) with a pseudo- 

normalization phase in between.‘ y * The presence of a large letr atrium despite 

a normal mitral inflow pattern suggests the presence of diastolic dysfunction. 
Inflow profiles are often not obtained in cats with heart disease because rapid 
heart rates cause the two phases of ventricular filling to merge. 

A potential complication in all forms of cardiomyopathy is thomboembolic 

episodes. Thrombus is typically first seen within the left auricular appendage 
and may extend into the main body of the left atrial chamber as it enlarges 
(Fig. 24-10). An early sign of impending organized thrombus is “smoke” or swirl¬ 
ing gray haze within the atrial or even ventricular chambers as the blood becomes 

stagnant and platelet aggregation or rouleaux begins. 


41 


Ventricular inflow restriction causes enlarged atrial chambers seen in restric 


native disorders such as amyloidosis and endomyocardial fibrosis, or represent 
end-stage dilated or hypertrophic cardiomyopathy/ : Left ventricular chamber 
size is close to normal. Hypertrophy, if present, is minimal; left ventricular 
function is normal to mildly reduced. I he hallmark echocardiographic finding 
with restrictive cardiomyopathy is a dramatically enlarged left atrial chamber. 42 " 44 
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Figure 24-10 

Clots within the heart in cardiomyopathies typically form first within the left auricu¬ 
lar chamber (arrow). They appear as soft-tissue structures with the appendage and 
may contain hyperechoic as well as hypoechoic areas. This is a right parasternal trans 
verse image of the heart base at the level of the left atrium. RA, right atrium; RV, 
right ventricle; PV, pulmonic valve; AO, aorta; LA, left atrium. 


"Smoke,* 1 the echocardiographic appearance of sluggish blood flow and rou¬ 
leaux, is often seen within rhe left atrial chamber. Actual thrombus may be 
seen and develops within the left auricular appendage. 41 Bright hyperechoic areas 
within the left ventricular myocardium are suggestive of fibrosis, as is an irregular 

endocardial surface (Fig. 24-11). The fibrosis is not always seen, and its absence 

does not rule out the diagnosis of restrictive cardiomyopathy. This disease is 
often one of exclusion, where other diseases are ruled out and restrictive disease 
remains. 


Color flow Doppler usually shows mild mitral and tricuspid insufficiencies. 
The degree of insufficiency does not correlate with the significant atrial dilation. 

Spectral Doppler documents the presence of restrictive physiology. Ventricular 
filling is completed early in diastole because of reduced ventricular compli¬ 
ance. 41 -^ Normal mitral inflow profiles should have an E/A ratio of approximately 

0.28 (mean ± standard error). 40 With higher left atrial pressures the 
firessure gradient from the left atrium to the left ventricle is greater and the rapid 
ventricular filling phase has a greater peak velocity. The atrial component 
to left ventricular filling is diminished because of high diastolic pressures and 

restriction to inflow during the latter part of ventricular diastole. The A peak, 

therefore, is very low or nonexistent. 45 As restrictive physiology progresses it 
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Irregular endocardial surfaces and a dilated left atrium are characteristic of restrictive 
cardiomyopathy. This is a right parasternal long axis left ventricular outflow image. 

RV, right ventricle; AO, aorta; LV, left ventricle; LA, left atrium. 


is possible for compliance to become so reduced that the major driving force 
for ventricular tilling is atrial contraction resulting in reduced early tilling and 

,ui increased atrial tilling component, much like the hypertrophic cardiomyopa 

thy. 41 Deceleration time of early mitral inflow is reduced as ventricular and atrial 
pressures equilibrate rapidly. 42,41 Spectral Doppler is also used to show changes 
in left ventricular relaxation. The mitral valve will open early secondary to the 
high left atrial pressures and the IVR 1 is reduced in cats with restrictive cardio 

myopathy. 

Because mitral inflow profiles usually do not show the separate phases 

of ventricular filling, pulmonary venous flow may be interrogated 1 y placing 

the pulsed Doppler gate in a pulmonary vein. Venous flow is recorded. Rever 

sal of flow is normal, but reversed flow whose duration is longer than mitral A 
wave inflow duration is abnormal. This suggests elevated end'diastolic 
left ventricular pressures. 42 Pulmonary veins are often seen best on apical four 

or tive'Chamber views but can be seen on right parasternal long axis views as 
well. 


Pulmonary hypertension may be seen with chronic respiratory disease, left 

heart failure, thromboembolic disease, and reverse shunts. 46 Mild to moderate 
pulmonary hypertension Nhows subtle signs of right ventricular hypertrophy and 
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Figure 

Pulmonary hypertension causes the pulmonary artery to dilate from the level of the 
pulmonic valve all the way into the right and left main pulmonary artery branches. 
The width of the pulmonary artery at the level of the valve is greater than the diam 

eter of the aorta at the aortic valve level. This is a right parasternal transverse image 
of the heart base at the level of the pulmonary artery. RV, right ventricle; A, aorta; 

PA, pulmonary artery; RMPA, right main pulmonary artery; LMPA, left main pulmo¬ 
nary artery. 


perhaps some mild main pulmon.iry artery dilation and a prominent bifurca¬ 
tion. 46,4 t'Hten the tricuspid valve is seen to prolapse secondary to elevated right 

ventricular pressures. Unless there tricuspid insufficiency, the presence of pul¬ 
monary hypertension can only he suspected. When pulmonary hypertension be- 

erate to severe, right ventricular hypertrophy and dilation is evident, 


comes m< 

the pulmonary artery is obviously enlarged, and rhere is almost always some 

degree of tricuspid insufficiency (Fig. 24-12). Left ventricular chamber size is 

diminished with increased wall and septal thicknesses secondary to decreased 
preload. This is another example of “pseudo* hypertrophy. Paradoxical septal 
motion develops as right ventricular diastolic pressures exceed left ventricular 

diastolic pressures. 

The tricuspid insufficiency is used to measure the severity of the hyperten¬ 
sion (Fig. 24-13). Spectral Hoppler recordings of the tricuspid regurgitant jet are 

used to measure the pressure gradient from the right ventricle into the right 
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figure 

Systolic pulmonary arterial pressures can be estimated by using spectral Doppler on 
tricuspid regurgitant jets. Here the velocity of regurgitant tricuspid flow is 3.94 m/sec 
with a calculated pressure gradient of 62 mm Hg. Right ventricular pressures must be 
at least 62 mm Hg. In the absence of pulmonic stenosis this is also the pressure 

found within the pulmonary vasculature. 


atrium. A normal pressure gradient would be about 20 mm Hg (right ventricular 

pressures of about 20 and right atrial pressu res c 1 osc toO). As pulmonary pressures 
elevate, pressures within the right ventricle will elevate to the same degree. For 
instance, it the velocity of the tricuspid regurgitant jet is 4.0 m/sec, applying 
the Bernoulli equation (4V 2 ) would result in a calculated pressure gradient of 

64 mm Hg. Right ventricular pressures are at least 64, and in the absence of 

pulmonic stenosis, this also represents pulmonary pressures. These I>oppler re 
suits are limited by technical expertise in aligning the Doppler beam parallel to 

flow. Any alignment away form parallel will underestimate the calculated pres 

sure gradient. Use the imaging plane that aligns the 1 Vipplcr beam best with the 

regurgitant jet. Volume also affects the velocity of flow with large regurgitant 
volumes potentially causing nverestimation of pressure gradients. Unexplained 
false-positive diagnosis of pulmonary hypertension has been reported. 

The pulmonary flow profile may be abnormal when pulmonary hypertension 
is present. Flow acceleration is more rapid than normal due to the higher systolic 
pressures that must be generated within the right ventricular chamber. H lere 

may also he notching of the flow profile during the deceleration phase; this is 

often referred to tis w the flying W" (Fig. 24-14). This Doppler feature does not 

differentiate between mild, moderate, and severe pulmonary hypertension and 
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Figure 24-14 

Notching, during deceleration on pulmonary flow profiles, is highly suggestive of the 

presence of pulmonary hypertension. The severity of hypertension cannot be esti¬ 
mated from this flow profile, however. 


even animals with significant pulmonary hypertension may not show this charac 

teristic. 46,4749 
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Sector transducers are generally more versatile for abdominal ultrasonography 
because the sound beam can be angled around the stomach and xjwel gas and 
between ribs. Linear array transducers can also be used to examine the spleen, 
left kidney, uterus, bowel, and urinary bladder. A range of ultrasound frequencies, 

between 3 and 10 MHz, is required, because small animal patients can range 
from small puppies to giant dog breeds. Before ultrasound examination, the ani- 

mal should be fasted because food will hinder thorough evaluation of the cranial 
abdomen. The hair over the ventral body wall and along the costal arches is 

clipped away. The patient may be restrained in a padded V trough in dorsal 
recumbency or on its side. 


1 I T 
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Abnormal peritoneal and retroperitoneal spaces are quickly pinpointed if effu- 
sion is present. 1 Sonography seems a more sensitive diagnostic tool than radiogra¬ 
phy to detect mild abdominal effusion. Uncomplicated ascites contains no ech¬ 
oes and outlines the smooth peritoneal surface of the abdominal organs (Fig. 
25-1). A small fluid collection adjacent to a single organ hints that the adjacent 

organ is the source of the fluid. Echogenic fluid, fibrous tag, nodular peritoneal 

deposits and loculation merit aspiration and cytologic investigation to determine 

the nature and sometimes the source of the fluid. Ultrasound-guided aspiration 

may be helpful if only a small volume fluid is detected (Fig. 25-2). 




Sagittal hepatic scans are made by placing the transducer just behind the xiphi- 
stemum and angling cranially to find the liver and diaphragm. Parasagittal scans 
are made by moving the transducer to the left and right. Once the transducer 
comes up against the costal notch, the ultrasound beam is then angled laterally, 

allowing exploration of the remaining aspects of the liver. Transverse scans are 

made by placing the transducer in the costal notch, angling cranially and to 
the lef t and right. Unfortunately, animal patients will not hold their breath on 
command, and so the clearest images are obtained only during the inspiratory 
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Figure 25-1 

Sagittal sonogram of the right liver of a 12 year old dog, presented because the own 
ers had noticed increasing abdominal distention over 1 week and anorexia and vom¬ 
iting. The sonogram revealed that the abdominal distention was due to the presence 
of severe abdominal effusion. This outlines the right liver. Also distention of the 
vena cava and hepatic veins (V) was observed. A pericardial effusion (P) is seen adja¬ 
cent to the diaphragm. This suggested that the origin of the abdominal effusion 
could be right-sided heart failure. Also observed is a small outline of fluid in the 
pleural cavity. Subsequent echocardiography revealed pericardial effusion. Pericardio¬ 
centesis revealed an inflammatory exudate. The dog was treated by pericardiectomy 

and antibiotic therapy. After this treatment, the ascites and clinical signs resolved. 


and expiratory pauses. Stomach and bowel iMS often prevent evaluation of the 
caudal and deeper aspects of the liver. The right dorsal liver and adjacent kidney 

may not be visible until intercostal imaging is done through the overlying tho¬ 
racic wall. Somerimes laying the animal down laterally or having it stand or sit 

helps move away overlying gas to allow better visualization of the liver. In deep- 

chested breeds (setters, Afghan hounds) or in dogs whose liver is small, the liver 
will be difficult to image 2 * 7 and intercostal scanning along the dorsal aspects of 
the caudal third of the chest wall is sometimes helpful. The integrity of the 
diaphragm should also he evaluated because diaphragmatic hernias are readily 
visualized by sonography (Fig. 25-3). 

Liver size can be evaluated only subjectively and does not seem to be an 

accurate indicator of true volume. 8 "I he normal liver parenchyma appears as a 

finely stippled echo pattern. The larger portal veins are identified by the presence 

of echogenic walls and confluence with the common portal vein in the caudal 
right liver. Hepatic veins are recognized by the absence of echogenic walls and 
confluence with the vena cava just caudal to the diaphragm. Normal hepatic 
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Figure 

Transverse sonogram of the right liver of a 11 year old Husky dog. The dog had 
fallen off a deck. The owners noticed abdominal distention and the dog seemed in 

pain especially when the cranial abdomen was palpated. Sonography revealed effu¬ 
sion (FF) in the abdomen most noticeably in the cranial portion adjacent to the right 
liver. No obvious changes were detected in the liver parenchyma. Ultrasound-guided 
aspiration of the fluid revealed hemorrhage. An unexpected finding of a large echo- 
complex mass was found associated with the bowel in the mid-abdomen. The owners 
elected not to proceed with any therapy and at subsequent necropsy the abdominal 
effusion arose from a tear through the right lateral liver lobe. The bowel mass was 

an adenocarcinoma. 


arteries are not detected. The gallbladder is usually located slightly to the right 

of midline in the cranial liver. The gallbladder wall is thin or is not apparent 
if the insonation angle is ;x>or. In medium-sized dogs the common 
less than 3 mm in diameter, so often normal hile ducts are not visible. The 
interlobar larders of the liver cannot he seen unless a concurrent peritoneal 

effusion is present (see Fig. 25-1). The overall parem hymal echo intensity 

be compared with the spleen, the normal liver being les> eehogenic than the 

spleen. The echo intensity of the right lateral lobe of the liver may be compared 


bile duct is 
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Figure 25*3 

Transverse sonogram of the liver region of a Terrier dog that had been hit by a car. 
Subsequently, the owner noticed increasing respiratory effort and the dog seem to 
cough excessively. The sonogram reveals a discontinuity of the right diaphragm (be¬ 
tween the arrows) with herniation of some right liver into the thorax. Subsequent 
surgery found three-fourths of the right liver in the chest and the diaphragmatic her 
nia was repaired. 


with the right kidney, though this relationship is less reliable because the normal 
liver may be as echogenic or more echogenic than the renal cortex. 9 Vascular 
abnormalities of the liver t apart from central venous t ngestion and right -sided 
heart failure, are rare. 10 Heart failure results in a distended vena cava and hepatic 

veins and ascites (see Fig. 25-1). 

Gallstones are rare in small animals, but ultrasonography will occasionally 

find them in seemingly normal patients. More commonly, echogenic bile (sludge) 
w ill be found in the dependent portion of the gallbladder, stemming from fasting, 
anorexia, or hepatic dysfunction reducing bile outflow. Sometimes the sludge may 
11 the entire gallbladder, giving the appearance of a hypoechoic mass. The diagno¬ 
sis of cholecystitis in animals is difficult, because the clinical signs are often vague 
and serum biochemical tests are nonspecific. Cholecystitis and ascites may cause 

thickening of the gallbladder wall, sometimes leading to a double-walled appear¬ 
ance. In severe chronic cholecystitis, abscesses and adhesions may be found in the 
gallbladder and adjacent fossa, resulting in a distorted and disordered appearance. 

Occasionally the gallbladder may become distended with mucus (mucocele) 11 (Fig. 
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Figure 25-4 

Sagittal sonogram of a gallbladder of a spaniel presenting with clinical signs of an¬ 
orexia, cranial abdominal pain, vomiting, icterus, and fever. The gallbladder is exces¬ 
sively distended but without evidence of bile duct distention. The bile in the gallbtad 
der is abnormally echogenic containing echogenic strands radiating through the bile; 
these strands did not realign when imaging the dog standing in dorsal recumbency 
position. These sonographic signs are observed with a gallbladder mucocele. Surgical 
removal of the gallbladder confirmed the presence of a chronic mucocele and chole¬ 
cystitis. 


25^4). Complications arising from secondary infection, common Kile duct obstTUC' 

cion, gallbladder wall necrosis, and nipture have been observed. A characteristic 
pattern of echogenic strands radiating through the lumen of the distended gallhlad- 

der is observed. 11 The echogenic component does not move under gravitation 

effects of repositioning and the gallbladder remains abnormally distended after 
eating (see Fig. 25-4). The best treatment is cholecystectomy. 

Ultrasonography is a useful diagnostic tool to assess jaundiced animals. Rup- 

rure of the gallbladder or biliary system will lead to peritoneal fluid arid analysis 

of a fluid aspirate should lead to the diagnosis (Fig. 25-5). Posthepatic biliary 

obstruction dilates the gallbladder and bile ducts (Fig. 25-6). 1 lowever, remem¬ 
ber that sonography is unable to detect the dilated bile ducts reliably until several 
days after obstruction of the common bile duct. 12 So the presence of jaundice, 
a dilated gallbladder, and visible bile ducts on ultrasonography allows for the 
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Figure 25-5 

Transverse sonogram of the right liver/gallbiadder of a Sheltie that had been hit by 
a car 1 

orexic, dehydrated, and jaundiced. Sonography revealed peritoneal effusion (F) most 

pronounced around the liver and the region of the gallbladder fossa. The gallblad 
der (GB) was not distended and had an i 

of the right wall. Abdominocentesis revealed a yellow fluid. Subsequent surgery con 
firmed the ruptured gallbladder and presence of bile in the peritoneal cavity. A cho 
lecystectomy was performed and the dog recovered uneventfully. 
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the common bile duct is required to define the cause of obstruction. Overlying 
bowel gas is a major problem, often obscuring the common bile duct. Therefore, 

several examinations may be necessary until the entire duct can be visualized. 

The detection of only dilated bile ducts is not a reliable sign of biliary obstruction 
unless accompanied by rising levels of circulating bilimbin. Prior obstruction or 

inflammation may distend the inelastic bile ducts, leading to persistent enlarge 
ment. Serial examinations of jaundiced animals should always he performed and 
assessed in conjunction with evaluation of bilirubin levels. 41 * 

bocal hepatic lesions may he noted at single or multiple locations. Multiple 

2,43.7.14 


nodules are most typical of metastatic neoplasia. 

lymphoma and incidental nodular hyperplasia in older dogs may have an identi 
cal ultrasonographic pattern (Fig. 25-7). A large single 


However, multifocal 
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Figure 25-6 

Sagittal sonogram of the gallbladder (GB). This 10 year old spaniel presented with 
the clinical signs of anorexia, vomiting, and icterus. The sonogram shows an exces¬ 
sively distended gallbladder and adjacent bile ducts. These findings indicate the pres¬ 
ence of extrahepatic chronic biliary obstruction. At surgery a lesion (adenocarcinoma) 
was found involving the common bile duct. Despite a cholecystoduodenostomy, the 

dog died. 


dilemma because overlapping echo patterns are seen in primary or metastatic 

neoplasia, abscesses (Fig. 25-8), hematomas, cysts, and hemorrhagic or necrotic 

nodular hyperplasia. Overlapping echo patterns also occur with diffuse hepatic 
disease. 15,16 Disseminated lymphoma, acute inflammation, necrosis, and degenera¬ 
tion may reduce overall echogenicity. 17 Fat infiltration, fibrosis, chronic inflam¬ 
mation, and disseminated neoplasia tend to increase echogenicity. 4 The diagno¬ 
sis of advanced cirrhosis is aided by the concurrent presence ot ascites, which 
helps define the nodular distortion of the hepatic borders. 4 Advanced cirrhosis 

tends to show a patchy hyperechoic pattern interspersed between hypoechoic 
areas due to nodular regeneration. 4,14 Ultrasound-guided needle aspiration or bi¬ 
opsy is required to establish an accurate diagnosis. 
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Figure 25-7 

Transverse sonogram of the liver of a 11 year old Cocker spaniel diagnosed with dia¬ 
betes mellitus. The dog was hospitalized because the owners had difficulty regulat¬ 
ing the dog's diet and insulin levels. The sonogram shows the liver to have a patchy, 
almost nodular, hypoechoic appearance with interspersed hyperechoic regions. This 

sonographic nodular appearance is most commonly associated with widespread neo¬ 
plasia foci. However, it is important to remember that areas of focal nodular liver re¬ 
generation may have this sonographic appearance. Liver biopsies were performed; 
fibrosis and lipidosis were observed between areas of normal liver tissue. This case il¬ 
lustrates the diverse sonographic appearance of liver disease and neoplasia was not 
present. Subsequently, the dog's diabetes was stabilized and the owner could man¬ 
age the dog's treatment at home. 


The canine spleen is located principally in the left abdomen with the ventral 
portion crossing to the right side, caudal to the costal arch. I he spleen lies 
superficial to the left kidney and abdominal viscera; therefore, ultrasonographic 
gas artifacts rarely occur. Linear array 5- or 7-MHz transducers are preferable, 

although sector images and lower frequency transducers also are adequate. 1 he 
examination is done best with the dog lying in a dorsal or right lateral recumbent 

it ion. After the spleen is located, the machine settings should be adjusted to 
optimize near-field display. The transducer should be moved slowly across the 

entire spleen in both sagittal and transverse scan planes. 
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Figure 25-8 

Sagittal sonogram of the right liver of a Schnauzer dog presenting with a history of 
vomiting, anorexia, and a tense painful cranial abdomen. The dog was pyrexic and he¬ 
matology revealed a marked neutrophilia and left shift. Ultrasonography revealed a 

hypoechoic circular focus in the right liver. This observation, combined with the clinical 

findings, was most consistent with a liver abscess. Laparotomy confirmed the diagnosis 
in the right liver. The abscess was removed by a lobectomy of the right lateral lobe. 


Acute crises resulting from injuries or diseases of the spleen (Fig. 25-^) are 

uncommon in dogs. On v 3 of 600 dogs hit by cars had any evidence of splenic 
trauma. 18 Hematomas occur more commonly as a consequence of primary splenic 

diseases, such as hemangiosarcomas (Fig. 25-10), lymphomas, or necrosis of large 
areas of nodular hyperplasia. Hematomas also seem to arise for no apparent 

perhaps due to unobserved trauma. Smaller hematomas (<5 cm in diam¬ 
eter) are characterized by focal areas of hypoechoic to aneehoic material inter¬ 
spersed through normal parenchyma, localized to one |x>rtion of the spleen (see 
Fig. 25'9). Larger hematomas have a mixed ultrasonographic appearance with 

septated anee hoic and hypoechoic material. Such larger hentatomas have well- 

defined borders with or without encapsulation. Traumatic rupture of the spleen 

or the capsule over an existing large hematoma will lead to a hemoperironeum 
(see Fig. 25-10), If the hemorrhage continues, surgical intervention (including 

partial or complete splenectomy) is the only treatment tor continued hemorrhage 
due to neoplasia or progressive hematomas. 20,21 
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f igure 25-9 

Transverse sonogram of the spleen of an Australian shepherd dogi that had fallen 
from a moving vehicle 10 weeks previously. A circumscribed anechoic to hypoechoic 

mass (arrows) was present adjacent to the mesenteric border of the spleen. Abdomi 

nal effusion was not observed. Subsequent histology from a partial splenectomy re¬ 
vealed a splenic laceration and an organizing perisplenic hematoma. 


Torsion of the spleen may occlude splenic veins and lead to progressive 

sequestration of blood. Other vessels in the greater omentum may become in¬ 
volved, leading to secondary pancreatitis and other areas of necrosis. Ultrasonog¬ 
raphy of a recent or mildly rwisted spleen may reveal splenomegaly, dilated veins, 

and normal parenchymal echogenicity 22 (Fig. 25-11 A). Passive congestion and 

nonspecific causes of splenomegaly sued as septicemia, toxemia, erythropoiesis, 
secondary to drugs, and nodular hyperplasia are all indications for surgery. A 

similar ultrasonographic pattern also will occur wirh passive congestion secondary 

to right heart failure, portal hypertension, and anesthesia. 21 It is important to 
exclude the presence of concurrent heart or liver disease. Continued obstruction 
or a more severe degree of torsion leads to a greater degree of vascular congestion 
and dilation of splenic sinusoids. Few echoes are noted because the entire paren¬ 
chyma consists of anechoic areas separated by small linear echoes 22 (see Fig. 
25-11 A). Arterial thrombosis can also lead to splenic necrosis. 24 Initially B 

sonography will show little change. Color Doppler evaluation is often necessary 

to demonstrate absence of blood supply (Fig. 25-11B). Rapid surgical intervention 

is essential to prevent additional vascular compromise and sequelae such as in¬ 
farct, gangrene, septicemia, and disseminated intravascular coagulation. 
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Figure 

Sagittal sonogram of the spleen of an 11 year old Malamute presented for sudden 

severe collapse. Physical examination revealed pale mucous membranes, abdominal 
distention, and a mid-abdominal mass. Sonography showed an irregular complex 
mass (M) protruding from the ventral aspect of the spleen. Mildly echogenic effusion 
(E) was present in the abdomen especially surrounding the spleen. Hepatic sonogra¬ 
phy revealed multiple anechoic foci scattered throughout the liver consistent with 
metastatic foci. The presumptive diagnosis was splenic neoplasia with abdominal 
hemorrhage and metastasis to the liver. Subsequent necropsy revealed that the ab¬ 
dominal hemorrhage was as a result of rupture of a ihemangiosarcoma growing in 

the spleen. Metastatic nodules were found elsewhere in the spleen, peritoneal cavity, 

and liver. 


14 


Splenic hemangiosarcoma is the most prevalent plenic neoplasm in dogs. 

The ultrasonographic appearance is complicated by the presence of secondary 
hematomas and cysts that may be larger than the neoplastic mass. The uhrasono- 
graphic features ai ling in differentiation of a hemangiosarcoma from a benign 

hematoma include an ill-defined border to the hemangiosarcoma, echogenic ar^ 

eas in larger tumors, nodules on adjacent visceral surfaces, abdominal effusion 

(see Fig. 25-10), and hypoeehoie metastatic nodes in the liver. Concurrent he- 

moperitoneum has a high predictive value for splenic neoplasia. 

Unfortunately, the ultrasonographic appearances of benign and malignant 

diseases of the spleen frequently overlap. Large areas of nodular hyperplasia may 

undergo necrosis and like hemangiosarcoma, lead to intrasplenic hematomas, 

resulting in confusing ultrasound patterns, l^enign lesions tend to have a more 
defined intrasplenic border and infrequently abdominal effusion. The liver and 

Copyrighted material 
























Figure 

(A) Sagittal sonogram of the spleen of a 6 year old Chow presenting with lethargy, 

anorexia, and collapse. Severe generalized splenomegaly was palpable. The splenic 
parenchymal echoes were abnormally hypoechoic and bright reflective septi were 

present interspersed throughout the tissue. The splenic parenchymal echogenicity 
was less echogenic than the liver. (B) Duplex Doppler interrogation of an abnormally 
distended splenic vein. No blood flow could be found in the splenic vein. The final 
sonographic conclusion was splenomegaly due to splenic torsion and severe venous 

congestion. Abdominal surgery confirmed the diagnosis and the necrotic-appearing 

spleen was excised. 
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374 Section III I Monitoring the Critically III Animal 


heart should be examined ultrasonographically it hemangiosarcoma is suspected. 
Hepatic metastasis may result in hypoechoic foci. 

White pulp neoplasia (such as lymphoma), severe congestion, and torsion 
may all cause a hypoechoic pattern. Hypoechoic splenic nodules, multicentric 

lymphadenopathy, and nondilated splenic veins all support the diagnosis of 

multicentric lymphosarcoma. Dilated splenic veins, abruptly ending at the hilus, 
are more consistent with torsion. 


Ultrasonography of the left kidney is more easily performed because it is situated 

more caudal I y than the right kidney. Often the spleen provides an excellent 
acoustic window to the left kidney. The right kidney is more difficult to image 

because it lies more cranial and deeper in the abdomen, with more overlying 
bowel loops. Sagittal and transverse scans of both kidneys should be performed. 
If a kidney is obscured by gas artifacts, then the transducer can be moved to the 
side o! the abdomen to allow imaging in transverse and dorsal planes. 25 ' 28 The 

normal pelvic lumen is not visible because the pelvis is a thin, slitlike space 

between V-shaped walls. iTic renal pyramids are divided centrally by a hyper- 

echoic renal crest and further divided into papillae by vertical hyperechoic 

stripes resulting from the summation of echoes from tin* pelvic diverticuli, in¬ 
terlobar vessels, and renal fat. The corticomedullary junction is outlined by hy¬ 


perechoic arcuate vessels. The normal canine renal cortex is hypoechoic to both 
the spleen and liver. 29 In older cats, the cortex may become isoechoic to the 
liver when imaged with higher frequency transducers. 9 Ultrasound helps deter¬ 
mine kidney size, though dehydration and drug-induced diuresis cause variations 
in the size of the medulla. Normal ureters are too small to image ultrasono¬ 
graphically. 

Postrenal obstruction is identified by recognizing hydronephrosis and is 
characterized by observing splitting of the central pelvic echoes. 50 Progressive 
hydronephrosis further dilates the pelvis and diverticuli, creating an anechoic 
partem radiating into the medulla (Fig. 25-12). A dilated ureter may become 

visible if the hydronephrosis stems from lower urinary tract obstruction (Fig. 

25-13). If a nephrectomy is planned, then excretory urography should be per¬ 
formed to validate the function of the other kidney. 

Acute renal disease is difficult to diagnose on B-mode sonography because 

the kidneys usually still appear normal (Fig. 25-14A l Doppler evaluation of the 

resistive index of interlobar renal arteries can he helpful because the index may 

become abnormally elevated 52 (Fig. 25-14B). Ethylene glycol toxicity can be 

suspected after finding abnormally echogenic renal cortices. 55 Chronic progres¬ 
sive and irreversible parenchymal disease 50,3334 often leads to fibrosis and scarring 

26J0.33 


29 


31 


of the kidneys. Many parenchymal diseases have similar acoustic patterns. 

The kidneys tend to become smaller and more hyperechoic. The normally hypo- 

echoic papillae appear less distinct, and the medulla tends to become isoechoic 
to the cortex (Fig. 25-15). If the animal is undergoing diuresis at the time of 

the ultrasonographic examination, then the absence of an obvious hypoechoic 
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Figure 25-12 

Dorsal sonogram of the left kidney. This 11 year old domestic short-haired cat pre¬ 
sented with acute clinical signs of fever, anorexia, not drinking, and extreme leth¬ 
argy, The blood urea nitrogen was 48 mg/dL and creatinine was 2.4 mg/dL The sono 
gram showed the presence of distention of the renal pelvis (?) and proximal ureter 
(U) by echogenic urine. The echogenic urine suggested the presence of severe pyelo¬ 
nephritis, which was confirmed by subsequent urinalysis and supported by an in¬ 
flammatory leukogram. Subsequent necropsy revealed suppurative pyelonephritis of 

the left kidney. 


medulla is a poor prognostic finding/’ 9 Ultrasound is a useful technique in the 
diagnosis of renal calculi. However* chronic renal disease may lead to nephrocaU 
cinosis,’ 0 which, if severe, may also cause acoustic si tadowing. i Careful attention 
must be paid to the source of the shadows to differentiate renal calcinosis from 
a calculus. Pyelonephritis has a variable appearance (see Fig. 25-12), making 

ultrasonographic diagnosis inaccurate. Single cortical cysts may be incidental 
findings. Progressive polycystic disease is occasionally seen, more frequently in 

long-haired cars. Renal neoplasia creates a variable echo pattern. Unless hematu¬ 
ria is present, neoplasia may become advanced before showing clinical signs. 
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Figure 

Sagittal sonogram of the right kidney of a cat presenting with clinical signs of ab¬ 
dominal pain. The sonogram reveals an abnormal distention of the renal pelvis and 
proximal ureter (U) by anechoic urine. No cause for this obstructive uropathy could 
be detected on ultrasound. A subsequent radiograph revealed the presence of a radi 
opaque calculus in the retroperitoneum consistent with a ureteral calculus. This was 
confirmed at subsequent surgery, but the calculus could not be dislodged and a ne¬ 
phrectomy had to be performed. 


Figure 

(A) Sagittal sonogram of the left kidney of a 7 year old diabetic dog presented for an 
acute onset of lethargy, vomiting, and weight loss. The owner’s house flooded and 

the dog drank Drano and ate a rotten chkken. Biochemistry revealed a blood urea ni¬ 
trogen of 90 mg/dL and creatinine level of 8.9 mg/dl. Cystocentesis showed abnor¬ 
mally high levels of protein, glucose, ketones, and blood in the urine. The sonogram 
of the kidneys showed normal kidney architecture with good corticomedullary differ¬ 
entiation and no evidence of pelvic dilation. (B) Doppler sonogram of the interlobar re 
nal artery. The resistive index (0.8) measured at the interlobar arteries was abnormally 
elevated. The findings of a normal-appearing kidney on B-mode ultrasound and ele¬ 
vated resistive index are consistent with acute renal failure. The dog was treated with 
intravenous fluids, diuretics, and antibiotics but despite this therapy, the dog died. At 
necropsy there was severe tubular vacuolar degeneration with many tubules filled 
with protein casts indicative of the presence of acute renal failure. 
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Figure 

Sagittal sonogram of the left kidney of a 13 year old Siamese cat with a history of 
chronic renal failure that was being supported by dietary modification. Sonography 

of the left kidney reveals an abnormally small kidney, 3 cm in length. There was ir¬ 
regular distortion to the border of the kidney (outlined by the dotted line). Patchy 
hyperechoic irregularities were observed through the cortex. There was loss of the 
normal sonographic differentiation between cortex and the medulla. Similar changes 

were observed to the right kidney. These sonographic changes are characteristic of 
advanced chronic primary renal degeneration. 


Frequently the entire kidney is replaced by an echo-complex mass. 10 * 56 A similar 
pattern can he observed after severe kidney trauma and bleeding. The resultant 
hematoma tends to be echogenic for the first 24 hours and then becomes variably 

anechoic and septated (Fig. 25-16). Therefore, correlation to a history oi trauma 

is important. Retroperitoneal effusion can also he readily detected by sonography 

but differentiation between ut me collection from a ruptured ureter and hemor¬ 
rhage is unreliable. Excretory urography should he used to evaluate the ureters. 






Bladder sonography can be performed in either dorsal or lateral recumbency. 

1 ligh-resolurum transducers (7 to 10 MHz), are best suited tor examination of 
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Figure 25-16 

Sagittal sonogram of the right kidney of an adult cat presented in shock after likely 
being hit by a car 

hematuria was present. Multiple pelvic fractures were present. Ultrasonography re¬ 
vealed an echogenic mass along the dorsal border of the right kidney (white arrows) 
and in the right retroperitoneum (black arrows). No owner could be found and be¬ 
cause the injuries were severe, the cat was euthanized. At necropsy, there were both 

retroperitoneal and right kidney subcapsular hemorrhage from the trauma. This son- 

o jram illustrates that a recent blood clot also appears echogenic. 


penetrate to the far wall of 


to 


distended Madder in large breed dogs. Linear und curved w ide aperture format 


a 


transducers are particularly useful. A stand-off pad should he used with a sector 

transducer to improve image quality of the ventral bladder wall. Image contrast 

settings should be set to high-contrast display and acoustic power and near gain 

decreased to suppress reverberation echoes generated between the transducer, 

skin, and abdominal structures. 


The sonographic examination is best performed when the bladder is moder¬ 
ately full. A small bladder is more difficult to locate, the wall will be thicker, and 

image contrast is reduced. The wall of a flaccid bladder can lx* deviated inward 

by a distended colon and the acoustic shadow artifacts generated by colonic con¬ 
tents often simulate the appearance of calculi. 17 * 3 * In middle to large dog breeds, 
a fully distended bladder is less desirable because the needed lower frequency trans¬ 
ducer has lower resolution* Free intraluminal abnormalities (ie, calculi, sediment, 
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Figure 

Sagittal sonogram of male 3 year old tomcat with recurrent signs of urethral obstruc¬ 
tion. The sonogram reveals a small, fairly empty bladder with excessive thickening of 

the bladder wall due to severe cystitis. In the dependent, down-most portion of the 

urinary bladder, echogenic sediment (arrows) can be observed. Subsequent urinalysis 

revealed this to be due to severe calcium oxalate crystal urea. No urinary calculi were 
detected but this sandy crystalline debris is a likely cause of recurrent cystitis and uri¬ 
nary obstruction in this tomcat. 


Figure 

(A) Dorsal recumbent sagittal sonogram of a 3 year old cat presenting with severe he 

maturia following catheterization 1 week previously for urethral blockage. The sono¬ 
gram shows a hypoechoic rounded mass in the dorsal portion of a distended urinary 

bladder. (B) A repeated sagittal sonogram of the bladder but this time made with 

the cat standing upright. This shows that the hypoechoic mass is free within the lu¬ 
men of the bladder because it has now migrated to the ventral, more dependent, 
border. The initial appearance of the mass suggested the possibility of a neoplastic le¬ 
sion attached to the dorsal bladder wall but the positional study shows that the 
mass is free within the bladder lumen. This observation, combined with the presence 

of severe and chronic hematuria, supports the presence of a large blood clot in the 
bladder. At cystotomy a large bl 

the source of the hemorrhage. 


18 


clot was removed. Severe ulcerative cystitis was 
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I Monitoring the Critically III Animal 

and blood clots) will gravitate to the most dependent side. Ballotment is useful 
to stir up sediment that swirls across the real-time display. Additional imaging 

after turning the animal into the opposite lateral recumbency or standing position 
will show that free intraluminal objects relocate to a new position. 

In normal adult cats, the mean bladder wall thickness rarely exceeds 1.7 

In normal adult dogs with mild bladder distention the mean 

wall thickness is 1.6 mm but this thickness does increase with body weight.* 0 

Normal urine is anechoic. The turbulence created by discharge of urine through 
the ureteral openings may generate transient jets of echoes in the bladder lumen 

adjacent to the trigone, 41 

Urinary calculi, cellular and crystalline debris (Fig. 25-17), gas, and blood 
clots (Fig. 25-18A) .m readily detected by sonography. Consideration to the 

gravitational alignment is especially helpful to differentiate between calculi and 

blood clots (which fall downward) (Fig. 25-18B) and gas bubbles, which rise 
upward. The location of cellular or crystalline debris and fresh hemorrhage is 

more variable* Sedimentation rends to occur but vigorous ballotment will gener¬ 
ate swirling echo patterns on real-time display. 

Distinct acoustic shadows will be observed deep to calculi that exceed the 
diameter of the sound beam. 42 Smaller ealeu i may not generate the characteristic 

shadows until the beam focus is optimized to the position of the calculi. 

Blood clots tend to be associated with the clinical observation of severe 

hematuria. More commonly a blood clot appears as a hyperechoic nonshadowing 

mobile mass 4 ' 44 (see Fig, 25-18A). Sometimes the clot may be attached to the 

wall, covering, or adjacent to, a traumatic injury or a neoplastic mass. Alter¬ 
nately, severe acute hemorrhage can fill the bladder and give rise to a lacy hypo- 
echoic pattern that changes little with ballotment or animal repositioning. A 

similar appearance can be observed with severe proteinuria and fat droplets. 

Sonography is especially useful to detect changes due to cystitis (Fig. 25-19) 
and neoplasia. However, contrast radiographic techniques are superior to sonog¬ 
raphy in diagnosing abnormalities of the urachus and ureters. Rupture of the 

bladder can he suspected when abdominal effusion is present and the bladder 

►rly visualized. Contrast radiography is more accurate than sonography to de¬ 
tect rupture of the bladder and urethra. 


w 


0.56 mm. 


mm 










1 ligh-resolution imaging is required to observe the structural detail of the wall 
of the gjisrrointestin.il tract. Seven- to 10-MHz transducers provide optimum 
image detail though adjustable focus; 5-MHz transducers can also provide useful 

information. A 12-hour fast is recommended to allow the stomach to empty of 

though gas will frequently remain in the gastrointestinal tract. 

Patient positioning may need to he varied during sonography to avoid miss¬ 
ing structures obscured by the reverberation artifacts generated by gas. Scanning 

in dorsal recumbency can he successful, though it is important to remember that 

stomach and towel gas will rise toward the ventral abdominal surface and lead 


fi 
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Figure 

Sagittal sonogram of the urinary bladder of a 2 year old cat that had been trauma¬ 
tized by being squashed below a closed garage door. Skin abrasions were present 

over the caudal abdomen and the cat had severe hematuria. The sonogram reveals a 
markedly thickened bladder wall due to marked reduction in bladder volume (B). 

The changes on the sonogram represent traumatic cystitis and hematoma formation. 

Fortunately, there were no signs of urinary bladder rupture and antibiotics were ad¬ 
ministered: the cat recovered over the next weeks. 


to gas artifacts that can prevenr visualization ot underlying structures. Position¬ 
ing the patient in left/right recumbency and a standing position may help to 
reposition the gas away from the transducer. Also holding the transducer hori¬ 
zontally or pointing it upward is useful as rhe gas artifacts will be lessened. When 
a palpable m.\^> is present, it is helpful to locate and digitally stabilize the mass 
during sonographic evaluation. 

Sonography of the stomach in right lateral recumbency aids in visualization 

of the pylorus, whereas left later t1 recumbency helps evaluate the fundus. Subcos¬ 
tal scans should be made in a parasagittal plane (short axis views) and in a 
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Section III I Monitoring the Critically IEI Animal 

transverse plane (long axis view) over the stomach, which is normal ly positioned 
along the caudal margin of the liver. Additional intercostal scanning from both 

the left and right sides is useful when stomach gas is present. 

The normal empty stomach has a layered wall in the shape of a cauliflower, 
rosette, or bull’s eye. 4 ' Five layers of alternating echogenicity are present with 
the mucosal surface, suhmucosa and muscular layer being hypoechoic (whiter) 
and interposed mucosa and muscular layer being hypoechoic (blacker). In dogs, 

the stomach wall thickness ranges between 3 and 5 mm 45 in thickness and 2 to 

2.4 mm in cats. 4 *' Regular peristaltic contractions (4-5/min) are present in normal 

dogs. The lumen should be empty though hyperechoic gas generating characteris¬ 
tic reverberation artifacts are frequently present and sometimes anechoic to hy¬ 
poechoic fluid may be present. Stomach gas reduces the accuracy of the examina¬ 
tion because foreign bodies or mural masses may be hidden by the gas induced 
reverberation artifacts. 

Sonography is helpful to evaluate gastric contractility. Reduced contractil¬ 
ity such as associated with parvovirus disease and severe pancreatitis may lead 

to a fluid-filled stomach with reduced contractility. Gastric foreign bodies can 

be detected and often appear echi>genic and generate acoustic shadows. 47,48 A 
so id object such as a rubber ball will occasionally appear as a round anechoic 
(nonechogenic) object. However, associated stomach gas may hide foreign Kxl- 

negative finding is not a reliable observation. Radiographic and endo¬ 
scopic examinations are more accurate diagnostic techniques to diagnose foreign 

bodies. Chronic wall thickening is more likely to be revealed by sonography 

unless hidden behind stomach gas. Gastric wall neoplasia and severe chronic 
gastritis (with or without ulceration) can be detected. Here the stomach wall wall 
be abnormally thickened and the normal layered appearance is often obscured. 

Biopsy is needed to differentiate between neoplasia, such as leiomyoma, leiomyo¬ 
sarcoma, adenocarcinoma, lymphoma, and severe chronic gastritis. 

Bowel, like the stomach, has a similar five-layered wall between the lumen 
and the mesentery. 45 Normal canine bowel wall measurements are 4.3 mm for 
less than 40 kg body weight and 4.8 mm for greater than 40 kg hcxly weight. 

In normal cats the small bowel is 2 to 2.5 mm thick except for the ileum adjacent 

to the ileocolic junction, which measures 2.5 to 3.2 mm. Thorough scanning 

along a grid pattern in both sagittal and transverse planes from the liver to the 
urinary bladder is necessary to evaluate the bowel. The small bowel has a random 
alignment, so it is necessary to varying the scan planes to obtain long axis images. 

The descending duodenum can be identified by locating it along the far right 
side of the abdomen connecting with the duodenum. The colon has a relatively 

fixed (question mark) shape and position. Normal small bowel has observable 
peristaltic contractions whereas the colon is stationary. 

In a fasted normal animal there should be no dilated loops of bowel. Sonog¬ 
raphy can he used to locate loops with abnormal contractility and often these 

loops are abnormally dilated with fluid, mucus, and gas. 47 Absence of peristalsis 
of small bowel contents is abnormal and indicates the presence of ileus (big. 

as foreign bodies, masses, 

and intussusception or arise from neuromuscular dysfunction secondary to 
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Figure 25-20 

Sonogram of small intestine in a 12 week old puppy that presented with hemor¬ 
rhagic vomiting and diarrhea. Palpation of the abdomen revealed distended loops of 
bowel. The sonogram shows the presence of multiple loops of fluid-filled bowel (B) 
in both long and short axis. Little to no peristalsis was present to the bowel. This in¬ 
dicates the presence of ileus. No apparent cause for the ileus was found. Subse¬ 
quently, viral testing revealed the presence of parvovirus. The gastroenteritis had re¬ 
sulted in functional ileus. Remember radiography and barium contrast studies should 
always be considered when ileus is detected by ultrasound because concurrent gas 
may obscure foreign bodies. Also, other causes of bowel obstruction (such as stric¬ 
tures) are unreliably detected by sonography. 


trauma, ischemia, pancreatitis, or parvovirus enteritis (see Fig. 25-20). Unfortu¬ 
nately, the concurrent accumulation of g;is in the dilated howel generates rever¬ 
beration artifacts that can hide the underlying cause of the ileus. If sonography 

reveals an ileus and no underlying cause am be found, other imaging studies 

such as comr.i$t radiography or laparotomy must be u^ed to establish a diagnosis. 

Foreign bodies will be lodged at the junction of dilated and normal bowel 
The foreign body is most frequently hyperechoic (white) and generates far field 
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Figure 25-21 

Transverse sonogram of small bowel in a 8 year old Australian shepherd dog pre 

sented with a 2-day history of severe vomiting. A palpable mass was present associ¬ 
ated with distended loops of bowel. Sonography over the mass revealed it to be 

within a loop of distended small intestine. The mass was hyperechoic and caused far 

field shadowing as typically observed with am intestinal foreign body. This was re¬ 
moved at subsequent enterotomy. 


acoustic shadowing 4 '* 48 (Fig. 25-21). Li 


t 


are more 

difficult to recognize. The associated plication tends to distort the alignment 

ot the bowel wall. Intussusception is readily diagnosed by recognizing that the 

distended bowel loop contains multiple concentric layers of bowel wall (ie* 20 

or more) in cross-section 47 (Fig. 25-22). In long section the mass consists of 
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Figure 

Sonogram of bowel in the right mid-abdominal quadrant. This young 9 month old 
Basset hound presented with a week-long history of vomiting and diarrhea. Dis¬ 
tended bowel was palpated in the abdomen and a sausage-like mass was detected in 

the right mid-abdominal quadrant. Sonography over the mass revealed a loop of in¬ 
testine inside another loop of bowel. This appearance is typical example of a cross- 
section through an intussusception. Subsequent surgery revealed this to be a ileocolic 

intussusception with small bowel present in the ascending colon. 


cnrery can appear as a hypcrechoic hand and dilated (anechoic) veins may be 


present. 


Mass lesions due to bowel neoplasia, focal granulomas, or abscesses second¬ 
ary to bowel perforation tend to result in asymmetrical thickening or a segment 

of bowel. Neoplasia rends to infiltrate the bowel wall and cause loss of the normal 
layered appearance. Dilated 1 x 3 we I and items adjacent to a mass indicate the 
need for surgery. If there are sonographic signs of obstruction, then thin-needle 
sonographic-guided aspirates often help establish the specific diagnosis. Enlarged 
mesenteric lymph nodes appear as oval to round hypoechoic nodules in the adja¬ 
cent mesentery. Thin-needle aspiration should also be made of lymphadenopathy 

because reactive and metastatic neoplasias have similar sonographic appearances. 
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A normal pancreas is difficult to visualize because it has an echogenicity slightly 

less or equal to the surrounding mesenteric fat. Gas in overlying loops of bowel 
will cause reverberation artitacts that obscure the image of the pancreas. Gas- 
filled stomach/( oweI and a Jeep narrow chest conformation makes the examina¬ 
tion more difficult. In dogs, the left limb of the pancreas often lies deep to or 

adjacent to the stomach and is less frequently visualized than the right limb of 

the pancreas, which extends from the liver to the level of the right kidney on 

the medial side of the duodenum. In cats, the stomach lies more to the left 
side of the abdomen and the left limb of the pancreas tends to be more readily 

visualized. 

High-resolution transducers, 7 to 10 MHz, should be used to image the 

pancreas. The patient may be placed in dorsal recumbency and the area of the 
abdomen, just caudal to the stomach/liver and ventral to the caudate liver lobe, 
should be scanned thoroughly. Laying the animal in right lateral recumbency 
and scanning along die right costal arch with the sound beam horizontal is some¬ 
times more successful. It is especially helpful to locate the pylorus and then scan 

to the right lateral side of the abdomen to locate the duodenum. Once the duode¬ 
num is identified, search along its medial side through the mesentery for the 

pancreas. Frequently, the pancreaticoduodenal vein will be found lying in or 

against the pancreas. 

Acute pancreatitis is more successfully diagnosed by sonography than by 
radiographs. The pancreas enlarges and the changed hypoechoic echogenicity 

makes it more readily detectable by sonography.* 0 Other useful concurrent obser¬ 
vations are a distended gallbladder and proximal common bile duct. The duode¬ 
nal wall may become thickened and nonconttactile (ileus). Peripancreatic effu¬ 
sion may develop.* 1 Animals often show pain and splinting ot the abdominal 
wall muscles as the transducer is pushed into the right cranial quadrant of the 
abdomen. Serial follow-up sonograms should be made to monitor the resolution 
or progression of the findings. Mild to moderate pancreatitis may show fewer 
sonographic abnormalities. Acute necrotizing pancreatitis will show a greater 
degree of pancreatic enlargement and a more hypoechoic change with secondary 

signs of extrahepatic cholestasis and ileus. 

A pancreatic pseudocyst (walled-off focal pancreatic necrosis) is less 
common in animals than people.** Pancreatic abscesses can also develop in 

the later phase of pancreatitis. Sonography will reveal a focus of echogenic 
fluid. 51 


Recurrent pancreatitis has a more heterogenous echo pattern due to areas 

of fibrosis, nodular distortion, and hypercchoic inflammatory response in the 


geneitv in the echo pattern. Sometimes these focal areas (pseudo-mass lesions) 

Less 


are difficult to differentiate from masses arising from pancreatic neoplasia 

severe sonographic changes of the pancreas and peripancreatic tissue are seen 


u 


creas may be detected as a distinct, well-defined slightly hypoechoic structure 
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surrounded by slightly more hyperechoic mesentery. This observation combined 
with the absence of peripancreatic effusion, duodenal atony, and absence ot signs 

of extrahepatic c tolestasis, all make tor a better prognosis.* 

Pancreatic neoplasia is less common. Hypoglycemia secondary to a func¬ 
tional islet cell tumor is a diagnostic challenge because the insulinomas are often 
small and are infrequently seen with sonography. Adenocarcinomas can be de¬ 
tected but often the diagnosis is difficult due to the small size of the primary 
mass. Insulinoma and adenocarcinomas frequently metastasize and the secondary 
neoplastic nodules may l)e detected in adjacent mesenteric and hepatic lymph 
nodes and the liver. Histologic confirmation is needed because sometimes 

lymphomas or enlarged reactive 1 vmph nodes have a similar sonographic appear¬ 
ance. 


i— 






L ^ 






Sonography is useful to detect thrombi in the aorta, vena cava and portal veins. 
Acute thrombi may not be- echogenic and so B-mode imaging is not as reliable 
as color Doppler imaging. Arterial thrombi are most common in the terminal 
abdominal aorta (saddle thrombus) (Fig. 25-23). Echocardiography should also 

be performed to evaluate for a cardiac origin. Venous thrombi are less common. 
Neoplasia of the adrenals and kidneys can lead to invasion of the vena cava and 

lead to a thrombus (Fig. 25-24). A gunshot injury to the abdomen is best first 

evaluated by radiography. Subsequent sonography can be useful to evaluate for 
hemorrhage (Fig. 25-25). Portal vein thrombi can develop and tend to lodge in 

the bifurcation of the intrahepatic portion of the portal vein. 
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Sagittal and transverse scans should be made in a thorough grid pattern from 
the pubis to the level of the kidneys/ 6 Linear transducers are sufficient to image 

the body of the uterus and palpable uterine enlargements. Sector transducers are 

more useful to image between the loops of bowel, improving the chances of 

locating the uterine horns and ovaries. The normal uterus in a bitch who has 

never been pregnant is often less than 1 cm in diameter. Overlying bowel gas 

frequently prevents ultrasonographic visualization of the normal uterine horns. 

A fluid-filled urinary bladder aids in imaging the b*>dy of the uterus. 

The adjacent aorta and vena cava are similarly sized hyperechoic structures. 

Careful evaluation ot tubular structures dorsal to the bladder is necessary. Evi¬ 
dence of pulsatile walls and blood flow or a compressible nature help differentiate 

the adjacent vessels from the body of the uterus. The lack of an echogenic center 
and peristalsis also helps set the uterus apart from the adjacent bowel. Color 
Doppler ultrasound is helpful in this evaluation. 

Between conception and the 15th day of pregnancy the uterus may enlarge 
slightly and appear more hypoechoic/ 7 However, gestational vesicles will fre¬ 
quently not be noted until about the 20th day of pregnancy. Initially, the gesta¬ 
tional vesicle appears as an anechoic, fluid-filled, cyst-like structure containing 
a small fetus. Cardiac contractility at a rate of more than 200 beats/min may he 
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Figure 25-23 

Dorsal sonogram of the terminal abdominal aorta in a 9 year old! dog. The dog was 
normal that morning, but the owners noticed it suddenly yelped and could no 
longer walk on Its left hind leg. On physical examination, there was no arterial pulse 
in the left hindlimb and no motor control of the leg. The ultrasound revealed an 
echogenic thrombus lodged in the terminal caudal portion of the abdominal aorta 
just cranial to the iliac bifurcation. Color Doppler examination could not demon 

strate blood flow distal to the thrombus in the left external iliac artery. The dog was 
treated with aspirin and over the next 2 days and began to regain function to its left 

hindlimb. Echocardiography did not reveal a source for the thrombus and subse 

quently the dog made a full recovery. Note: It is important to remember that acute 

thrombi may not be echogenic and are not visible on B-mode sonography. Color 

Doppler sonography of blood vessels is most useful to rule out the presence of acute 
nonechogenic thrombi. 


detected as early as the 28rh day of pregnancy. Between days 30 and 40 the head 
and appendages become visible, and in the last trimester the bony structures and 

thoracic and abdominal organs become apparent. 

Fetal demise is difficult to confirm before mid'pregnancy. The absence of 

the heartbeat or fetal movement after the 10th day of gestation indicates fetal 
death. Such findings as disproportionately small embryos in one horn ot the 

uterus or fetuses that fail to grow' and lack movement or heart rates less than 


56.57 
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Figure 

Sagittal sonogram of the mid-abdominal vena cava. This 8 year old Brittany spaniel 
presented with steady weight loss (7 months) and then developed hematuria and 
edema of the hindlimbs. Sonography of the abdomen revealed a large complex mass 
replacing the architecture of the right kidney, most consistent with renal neoplasia. 

The abdominal vena cava (CVC) caudal to the level of the right kidney was abnor¬ 
mally distended. An echogenic thrombus was visible in the vena cava at the level of 

the right kidney. Similar thrombi have also been observed in the vena cava second¬ 
ary to adrenal neoplasia. AO, aorta. 


twice the maternal heart rate'*' all support the likelihood of impending fetal 
demise. 56 On subsequent re-examination, fetal resorption is characterized hy a 
disordered gestational vesicle containing disorganized fetal remnants. 59 Fetal 
maturation at the time of parturition is best determined by railu tgraphy. Visual' 

ization of tooth bud sockets and beginning of ossification of the paws will be 
observed at full term. Sonography is more helpful to evaluate fetal viability. Fetal 
heart rates should be evaluated and normally they are about two times the moth¬ 
er’s rate (Fig. 25-26) 

continued monitoring or intervention. 


warrant 
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Figure 

Sagittal sonogram of the caudal portion of the abdomen in a farm dog suspected of 
being shot. A radiograph showed the presence of a large rifle bullet in the caudal 

retroperitoneum. Sonography located the bullet (arrows) by finding a hyperechoic 

structure with ring down artifacts deep to it. The bullet was surrounded by a large 
volume of anechoic fluid. The dog became progressively weaker and developed signs 
of hypovolemic shock Subsequent surgery found the bullet had lacerated iliac vessels 
and resulted in a large hematoma. 


Endometritis may be present in seemingly healthy bitches. If the cervix is 

dosed, then the entire uterus becomes distended with purulent fluid. Pyometra, 
mucometria, and hydrometra are readily distinguished from loops of bowel by 

the absence * >t peristalsis and pregnancy 56,60 (Fig. 25-27). Both horns of the uterus 

frequently become distended and appear as convoluted fluid-filled tubes. The 
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Figure 

Sonogram and M-mode tracing of canine fetus. The 5 year old Collie bitch was at 

least 60 days pregnant and presented with a bloody vaginal discharge but without 
clear signs of impending parturition. Multiple viable feti were found. This fetus was 
in distress because the heartbeat (AT) had slowed to 163 beats/min, whereas the 

other feti had heart rates greater than 260/min. 


tortuous, twisting nature of the distended uterus may result in the false impres¬ 
sion of multiple cysts until the transducer is turned through different scan planes, 

allowing appreciation of the tubular nature of the distended uterus. If the cervix 

remains open, the uterine diameter often is smaller, and the diagnosis is simpli¬ 
fied by the presence of a concurrent purulent vaginal discharge. 

Pregnancy in cats may be diagnosed earlier by ultrasound, because gesta¬ 
tional sacs are detectable at 11 days and fetuses at 15 days after conception. 

Cardiac motion i> visible as early as 16 days of gestation. 61 Available body and 

head diameter growth curves allow accurate assessment of gestanonal age and 
prediction of parturition date. 6 * 


The prostate is the major accessory sex gland in dogs. Benign prostatic hypertro¬ 
phy is a normal middle-age change in intact male dogs. The variable clinical 
signs and the limitations of digital rectal examination have made prostatic dis¬ 
ease a diagnostic challenge. The canine prostate has a variable location. As the 
prostate enlarges, it often moves cranialiy, lying in the caudal abdomen. In dogs, 
the intra-abdominal position allows for ultrasonic evaluation of the gland via 

transabdominal approach. If the gland is not readily visihle, then transrectal 
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Sonogram of the caudal abdomen of a vomiting, lethargic 5 year old Labrador who 

had been bred more than 3 months ago but not had any puppies. The sonogram re¬ 
veals the uterus to be abnormally filled with echogenic fluid. This is the characteristic 
appearance of distended uterine horns due to pyometra. 


digital pressure may help move the prostate more into ilie abdomen during so 
nography 


65-67 


Sagittal scans are made by placing the transducer beside the prepuce while 

the penis is held aside. A full urinary bladder helps locate the prostate, because 
the trigone defines the cranial border of the prostate. The transducer is then 

angled caudally to image into the pelvic canal. Transverse scans are made by 
placing the transducer against the bony brim of the pubis and angling caudally 
into the pelvic canal. 

The normal prostate has a bilobar symmetrical spherical shape. The normal 
margin is >mooth f continuous, and rounded. Normal prostar ic tissue has a 
homogenous, coarse echogenicity. Small, circumscribed anechoic foci may be 

present m older dogs, stemming from retention cysts associated with normal 

benign hypertrophy. Complicated benign hypertrophy results from superimposed 
cystic hyperplasia, squamous metaplasia, prostatitis, abscesses, and neoplasia. 

Clinical correlation with rectal examination aids in differentiating sterile cysts 

from abscesses. Ptost.it it is has a variable echo appearance, depending on its 

chronicity. Acute prostatitis tends to result in a diffusely hypoechoic prosrate. 
However, chronic infection may lead to fibrosis, causing a pau by, increased 
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Figure 25-28 

Transverse sonogram of the prostate in an intact male Doberman dog. The dog 
seemed ill to the owner and attempted to urinate frequently. A fever was present. 
Digital examination of the prostatic region was very painful. Ultrasonography of the 
prostate revealed irregularly tabulated, multiple, fluid-filled cavities within the pros¬ 
tate. Subsequent surgery confirmed the presence of prostatic abscesses. 


65-67 


neoplasia. 


Prostatic abscesses arc characterized by many large, irregularly shaped an 

echoic cavities (Fig. 25-28). Echogenic-dependent sediment may be seen. 

echogenicity of the adjacent prostatic parenchyma is usually increased because 
of the chronic inflammation and surrounding fibrosis. Small abscesses similar to 
retention cysts may appear. In this case, ultrasound-guided aspiration may he 
required to confirm the diagnosis. 15,64 * Periprostatic cysts may occasionally de¬ 
velop from extrapan*nchymal retention cysts or as a remnant of the miillerian 
ducts. Such cysts may grow large and typically look like a second urinary 

bladder. 68 


Clinical signs resulting from prostatic neoplasia in Jogs are variable and 
may be visible only in the advanced stages. The prostate is enlarged and typically 
has an asymmetrical, irregular nodular border. Disruption of the outer margin 

may be noted. The most common ultrasonographic pattern is caused by fibrosis 

and mineralization leading to hyperechoic areas that tend to coalesce and 

shadow. Because canine prostatic neoplasia is often quite advanced at the time 
of first examination, inetastases to the sublumbar lymph nodes may he recognized 
as variable-sued circular hypoechoic masses dorsal to the urinary 
Biopsy is required to confirm the presence of neoplasia. 


bladder. 64 * 
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Quick and complete evaluation of animals that 
Often, these evaluations require some type of imaging to assess vital anatomic 
structures. Radiographs and ultrasound are the current mainstays of emergency 
imaging; however, advanced imaging studies such as computed tomography (CT) 

ami magnetic resonance imaging (MRI) 

quency. 1 * MRI technology provides for 
especially of soft tissues throughout the body. Although access to MRI, even for 

humans, is still limited on an emergency basis, the benefits of such imaging 

should increase its use for both humans and animals in the future. 

T:ie MRis are produced from manipulation of hydrogen nuclei (protons) 
within the body. 7 * Basic MRI techniques have been described in recent veteri- 

nary literature and will not be covered here. 8 This chapter focuses on the use 

of MRI in emergency situations. 


critically ill is mandatory 


being used with increasing fre- 

ptional imaging of anatomic detail, 


5HK 


kT 


Virtually all animals undergoing MRI are required to remain motionless for long 
periods. Most machines produce significant noise that would startle the animal. 

Positioning, a critical aspect of obtaining good image quality, is difficult in an 

unrestrained patient. Movement during imaging sequences will result in artifacts 
rhat make interpreting rite images impossible. Practically, all of these factors 
mean that the animals must be under general anesthesia or at least heavily se¬ 
dated. MRI procedures create no pain and, therefore, the level n anesthesia 

required can remain rather minimal. Truly comatose animals may be imaged 
without the aid of anesthesia. Physiologic stability of the animal is obviously a 

factor in determining if any imaging study can proceed. Initial emergency man¬ 
agement and treatment of critical animals is discussed elsewhere in this text. 

Patient monitoring equipment normally used in a ICU or surgery suite is 
not often compatible with MRI equipment due to the strong magnetic field re¬ 
quired by the latter. Monitoring equipment compatible with MRI is available 
and requires an additional capital investment. Because most MRI in humans is 
performed without anesthesia, many human facilities may nor have this equip¬ 
ment available. The desirability to further instrument the patients while imaging 
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is somewhat offset by the increased anesthetic time the instrumentation setup 

requires. Most machines have the ability to monitor pulse and respiration rate; 
however, these monitoring systems are not intended for critical patient monitor¬ 
ing. Instrumentation setup for procedures such as an electrocardiogram (ECG) 

is considerably more difficult due to the high magnetic field. Standard monitoring 

items such as esophageal stethoscopes may he used; however, the noise produced 

during imaging m Acs their use problematic. Additionally, due to the physical 
size and tubular construction of most MRI units, it is difficult to have close 
physical animal monitoring. Although the anesthetist may he in the same room 

with the animal, ease of access to view, for example, respiration, administer drugs 
through intravenous tubing, or observe the pupils is limited. Pragmatically, this 
means that patient monitoring is less than ideal compared to other, more physi¬ 
cally unrestricted areas. Rapid imaging protocols that reduce anesthetic time, 
therefore, are the goal. 

Magnetic resonance imaging uses a high magnetic field. Any magnetic ob¬ 
jects, such as collars, must be removed. Although small identification chips can 
cause an artifact in the images, they are usually not a problem. It is suggested 
that animals be radiographed prior ro the MRI if there is any doubt about mag' 

netic objects being present. The worst offenders are RRs and steel shotgun shot. 
Other metals, such as lead, do not pose a problem. Iron-containing objects are 

highly magnetic and will cause an artifact render mg a useless image with a radius 

of approximately 10 cm from the steel shot. Therefore, if the steel shot is in the 
lumbar region and the head is the area of interest, it will not 

Magnetic resonance imaging is a technical endeavor requiring a trained 
operator for successful imaging. Pulse sequences used in MRI are numerous, have 
advantages and disadvantages concerning resolution and image contrast, and 

require varying times. Some sequences can be performed rapidly (<1 minute), 
whereas other sequences take considerably longer (> 10 minutes). With the 

emergency patients, wherever possible, rapid sequences should be performed. 
Often, there is a paradox between image resolution and image sensitivity. 7 Pulse 

sequences with the most sensitivity for pathologic change often have less ana¬ 
tomic resolutii>n. Again, efforts should be focused on sequences tliat allow for 

a rapid, accurare diagnosis rather than the acquisition of multiple images. An 

experienced operator or radiologist should be consulted to obtain t he most appro¬ 
priate imaging sequences for the individual problem being examined. 


a problem. 






For animals, the most experience with MRI has been gained in imaging the 
central nervous system (CNS). 9,10 Similar to other imaging modalities, a com¬ 
plete and thorough physical and neurologic assessment is imperative to deter¬ 
mine the location and extent of the problem. Because MRI provides for superior 
anatomic evaluations, some anatomic abnormalities rl tat have no associated clin¬ 
ical significance will be imaged. Clinical signs are the basis on which any abnor¬ 
mality seen with MRI is determined to be clinically significant. Clinical evalua- 
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tion of the CNS should be reviewed and understood to most accurately correlate 

image abnormalities with clinically significant lesions. 
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Imaging of the intracranial structures is indicated in any severe or rapidly 
progressing clinical syndrome associated with intracranial signs. These are most 
often animals with severe seizures or alterations in mental status such as stupor 
or coma. Animals that are systemically ill from any cause may have alterations 
in consciousness. Therefore, a thorough evaluation of all body systems should 
be performed before advanced imaging. 

Once the clinical signs and severity of the impairment are determined, the 
animals are prepared for imaging. Animals should be placed under general anes- 

thesia following guidelines for neuroanesthesia. Comatose animals may be im¬ 
aged without anesthesia, but still may require ventilatory support to prevent 

increases in 1 aCCb, which can secondarily increase intracranial pressure (ICP). 
If the animal requires anesthesia, diuretics (mannitol and furosemide) and hyper' 

ventilation may be used to aid in decreasing ICP. 

Anesthetized animals are generally scanned in either a sternal or dorsal re¬ 
cumbent position. In some situations, scanning may also be performed in a lateral 
recumb *nt position. This may be necessary if there is a suspicion of an associated 


of the magnetic is important. Asymmetrical imaging of the animal often results 

in images that are difficult to interpret, leading to erroneous diagnoses. 

The receiver coils most often used for dog intracranial MRI studies are human 
knee coils. Smaller wrist coils are preferable for smaller dogs (e.g., toy breeds) and 
cats, whereas larger coils, including human head coils and neck coils, may be 
needed for the largest dogs. Some head coils are not open on both ends. This 
makes scanning of intuhated animals difficult due to the presence of the endotra¬ 
cheal tube. Sternal (prone in humans) positioning is favored due to less pulmonary 
compromise. Because the MRI software is intended for human patients who are 
most often supine (dorsally recumbent), the operator must be certain to enter the 

patient positioning parameters correctly to avoid errors in labeling. 

In general, at least two imaging planes are obtained. Transverse (axial) 
images perpendicular to the length of the axis of the head and brain are consid¬ 
ered the most useful. This position is called “coronal” in human patients due 
to anatomic differences. 7 Various equipment manufacturers, the operating soft¬ 
ware, and the magnetic field strength will influence parameters of the image 

sequences. The desirable signal from the animal is always counterbalanced by 
the system’s electronic noise. Adequate signal-to-noise ratios must be maintained 
for good imaging. This becomes a paradoxical problem of requiring thicker slices 

for smaller animals to get significant signal. For most animals, the brain can be 
imaged with slices 3 to 5 mm thick with an interslice gap of about 10%. Typical 

sequences used are proton density and a T2-weighted series obtained at the same 
time, called a dual-echo spin-echo technique. T1-weighted images before and 

after the intravenous (IV) administration of gadolinium (Gd) contrast agent 
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are used. 10 This element is chelated to render it nontoxic (e.g., <. id-DTPA or 
gadopentate) and administered at a dose of 0.1 mmol/kg body weight given as 
an IV bolus. Larger dosages are not necessary. Additional imaging sequences 
include the use of gradient-echo series and various inversion recovery sequences 

to null out signals from fat or cerebrospinal fluid (CSF). 7 

A recent series of articles described MR! signal characteristics of common 
diseases of the brain. 6s> The abnormalities visualized can generally be placed into 
four categories including trauma, tumors, infarction, and inflammatory/infec¬ 
tious abnormalities. Although most MRIs can depict lesions as small as 0.5 mm 

in diameter, microscopic, metabolic, or physiologic derangements are ne t evalu¬ 
ated. Importantly, many dissimilar intracranial diseases result in a common group 

of pathophysiologic sequelae. The sequelae that most commonly result in evident 
signal changes with MR1 include edema, hemorrhage, and increases in abnormal 
cell populations. Although these pathophysiologic changes resulr in anatomic 
abnormalities, the image characteristics associated with these changes are often 
not specific for a single disease process. 

In our hospital, a standard series of images are obtained in most instances 
of intracranial MRI. These include transverse images of the brain with proton 
density, T2-weighted, and Tl-weighted before and after administration of Gd 

contrast agents. Additional images are performed on an individual basis de¬ 
pending on the results of the standard series of views. Fat suppression can be 

accomplished by fat saturation techniques or inversion recovery techniques. 7 Le¬ 
sions in the periventricular area are better seen with a fluid attenuation inversion 

recovery (FLAIR sequence to remove signal firom the CSF. 7 In comatose ani- 

mals, rapid sequences with reasonable resolution can be performed in approxi¬ 
mately 1 minute. 

Intracranial trauma is a common cause of acute, severe neurologic signs. 
Currently in most human hospitals, CT is usually used for the evaluation of the 
patient with acute intracranial trauma. This is generally based on the fact that 

acute hemorrhagic lesions may be evident earlier with CT compared with MRL 
On CT, acute hemorrhage usually becomes opaque within an hour as the clor 
retracts. This opacity la^ts a few days and then fades to normal and eventually 
lucency. A few hours after the injury, however, MRI sensitivity for image detec¬ 
tion exceeds CT. 7 Traumatic lesions usually evident with MRI include hemor¬ 
rhage and edema. Trauma to the calvarium is less evident, hut it is most easily 
viewed by determining a break in the contour of the calvarium. Evaluating the 
fat signal from the diploic cavities of the skull can he useful in determining 
abnormalities of the skull. Additionally, the soft tissues external to the skull 

(e.g., the temporalis muscles' can he evaluated for signs of exogenous injury. 

Brain herniation can he appreciated on MRI in animals. With subfacial 
herniations, cerebral tissue is found underneath the falx cerebri and possibly 
extending into tlve opposite supratentorial space. With transtentorial herniation, 

the parahippocampal gyri are found dorsal to the colliculi (dorsal rnidbrain) and 
ventral to the tentorium cere belli. This results in a flattened appearance of the 
colliculi. These two types of herniation are best appreciated on transverse, T2- 

weighted or proton density images. 


C opv rig hled m ateri al 


Figure 26-1 

T2-weighted images of cranial trauma from a dog fight. A, Cerebral edema in the ol 
factory bulbs and/or hemorrhage. B and C, Hemorrhage with different signal intensi 

ties in the left and right frontal sinus, respectively. 


Intracranial abnormalities associated with external head trauma often center 
around hemorrhage, hematoma formation, or perilesional edema (Fig. 26-1). Im¬ 
ploded fragments of bone may be seen as hypointense lesions from the dark corti¬ 
cal bone. Intracranial edema is noted on T2-weigh red images as hyperintense and 

on Tl-weighted images as hypointense. Vasogenic edema commonly conforms 

to the larger white matter tracts of the cortex (internal capsule, corona radiata). 

The appearance of hemorrhage with MR I can be confusing and complex 

because its imaging characteristics depend on the location of the blood (e.g., 

parenchymal, subdural, extradural), the oxygen content of the blood (e.g., arte¬ 
rial versus venous), and the time delay between imaging and the hemorrhagic 

event. 7,14 On MR1, hemorrhage less than 12 to 24 hours in duration will not be 

differentiated from vasogenic edema. In the circulating blood, hemoglobin exists 

between the oxyhemoglobin state and the deoxyhemogh >bin state. The iron in 

both oxyhemoglobin and deoxyhemoglobin is in the ferrous Fe ++ state. When 
hemoglobin is removed from the high-oxygen environment of the circulation, 

the iron undergoes oxidation to the ferric state (Fe ++ ~), forming methemoglobin. 

Continued degradation forms ferric hemichromes (hemosiderin). As red blood 

cells break down, the various forms of hemoglobin have changing paramagnetic 

properties influencing the appearance of the clot on the various images (Tl - and 

T2-weighted). Besides the form of hemoglobin present, the signal intensities of 
a bliHxl clor may vary depending on the operating held strength and the type 
of image sequence. 1 lemorrhage may also vary in appearance pending on where 
the bleed occurred; for example, in the brain, subdural versus intraparenchymal 

versus subarachnoid. Table 26-1 is a guide for parenchymal hematomas. 

Tumors of the brain may he either primary or metastatic. Tumors often 
result in a disrupt ion of the blood-brain barrier and allow leakage of the contrast 
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material into the interstitial space. Recent reviews of the MR1 appearance of 

brain tumors have been published. 6 * 10 Features of primary brain tumor have been 

reviewed. Meningiomas mosr commonly appear as a broad-based, extra-axial 

(arising outside and pushing into the parenchyma) contrast-enhancing mass on 
MRI. These tumors may be hemorrhagic or calcified. The MRI appearance of 
gliomas is varied and enhancement after contrast administration may not be 
present. A tumor arising within the parenchyma of the brain is characteristic. 
Choroid plexus tumors, because of the concentration of blood vessels within the 
tumor, often markedly enhance after contrast administration. Pituitary tumors 

may he found in the sellar or suprasellar location (Fig. 26-2). 

The secondary effects of brain tumor on the intracranial nervous system 
may also he present. The difference of appearance of the lesion on the T2- 
weighted images versus the contrast-enhanced T1 - weighted images give an ap¬ 
preciation of the degree of perilesional edema. Gliomas (glioblastoma multi- 
forme) tend to be associated with hemorrhage more often than other primary 
CNS tumors; however, any tumor may disrupt vascular integrity. Metastatic tu¬ 
mors may be more apt to he associated with hemorrhage either because of their 
more aggressive behavior (hence the metastasis) or because the vasculature is 
the route of the metastasis. Metastatic hemangiosarcoma is an example. 

Cerebrovascular infarction is less commonly described in animals as com¬ 
pared to humans. 11 I he apparent prevalence of this condition in animals, how¬ 
ever, is much greater than previously thought before the advent of MRI. As with 

other intracranial diseases, the MRI characteristics of primary cerebrovascular 
disease usually center around edema and hemorrhage. Enhancement of these 
lesions following contrast administration is variable. If significant time elapses 
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Figure 26-2 

(A) A transverse image after contrast A, pituitary tumor; B, left lateral ventricle. 

(B) sagittal image postcontrast. A and B label same structures. 


berween the acute event and subsequent imaging, an area of ring enhancement 
at the periphery of the lesion can be seen. Enhancement may not be seen tor 
several days to a few weeks. I he white matter tracks in the periventricular region 

and the cerebral gray/white matter junction are most commonly affected (Fig. 

26-3). Numerous etiologies tor the infarctions have been tested, including endo' 
carditis and other cardiac conditions. The authors have noted that manv of these 
patients have significant glomerular nephritis and presumed clotting dysfunction. 

Primary brain inflammation (encephalitis or meningitis) may also result in 
rapid clinical deterioration. A multifocal or diffuse disease process is often seen 




Figure 26-3 

T2 transverse image, midcerebrum with white matter edema, left side A. This area 
did not enhance after administration of contrast agent. 
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Figure 26-4 

T1 postcontrast transverse image of an epidural abscess. A, The sediment in the ab 
scess (dog imaged in sternal recumbency). B, Contrast-enhanced meninges. There is 
midline shift. (Image courtesy of Veterinary Diagnostic Imaging and Cytopathology 
Clackamas, OR.) 


on MRI. ,: In some instances, contrast enhancement is present in the dura, sug¬ 
gesting more of a meningitis or epidural abscess (Fig. 26-4). 

All of the aforementioned intracranial disease processes may result in brain 
herniation as a severe or terminal consequence. 






Acute spinal cord disease may result in severe paresis or paralysis that may 

require emergency spinal imaging. Historically, imaging of the spinal cord has 
Keen with myelography. MRI, however, is tar superior in imaging the spinal 
cord parenchyma and the associated spinal canal/ In our hospital, sagittal T2- 

weighted sequences of the a ft ec ted area are acquired initially and provide the 

most information as a screen for spinal disease. Additional series of transverse 
or dorsal images are obtained ar the level of interest. A heavily T2-weighted 
fat-suppressed signal yields a typical myelographic appearance of the spinal cord, 

but it is rarely of significant help compared to conventional T2- and T1 weighted 

studies. The images of the myelogram can be fused to form three-dimensional 
volumes, which can be rotated tor additional visualization of the subarachnoid 
column at oblique angles (Fig. 26-5). 

The most common emergency conditions of the spinal cord include verte¬ 
bral body fracture, intervertebral disk herniations, fibrocartilaginous emboli, and 
tumors. Myelitis and diskospondylitis are also evident on MRI. 

When an animal has suffered an exogenous spinal trauma, vertebral body 

fracture or luxation may occur. Although MRI may not provide the best view 
of hone, the impact of the fracture on the spinal cord is often most evi 
26-6). Similar ro intracranial trauma 
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Figure 

Volumetric rendering of an MRI myelogram of the cervical spine with loss of the sub¬ 
arachnoid ventral and dorsal columns from a disc herniation at 


6 (A). 


with a vertebral fracture or luxation often results in edema and hemorrhage. 
Edema is most easily seen on T2-weighted sequences where it will appear hyper- 

intense. Similar to what is seen histologically in experimental studies of spinal 

trauma, the imaging changes are initially most severe in rhe gray matter of the 
spinal cord. The hyperintense spinal cord, therefore, often follows the orienta¬ 
tion of the gray matter “butterfly” pattern centrally within the spinal cord. The 

central canal may he enlarged proximal to the lesion suggesting an associated 
hydromyelia. 


Figure 

T2-weighted sagittal image of T12-13 fracture/luxation. A is next to the caudal end 
plate of T12. The spinal cord can be seen winding through the area. This dog went 
home walking normally following surgical stabilization. 
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lntraspinal hemorrhage may also occur with a variety of spinal injuries. 

Depending on tire stage of hemorrhage, this change may appear similar to edema* 

Severe Npirial disease can also result in malacia. Due to the associated increase 

in water content of malacia t tins process may also appear hype run tense. Al¬ 
though MRI is excellent at determining the location and the extent of these 
changes, there are no currently recognized pathv>gnomonic imaging features that 
suggest irreversible myteomalacia In some instances, the spinal cord can he seen 

to be discontinuous, strongly suggesting a severed spinal cord. In this situation, 

a hopeless prognosis is often rendered. 

Manipulation of the animal that has sustained an exogenous spinal injury 
and may have an unstable vertebral segment should he performed with caution. 
Similarly, manipulations for and during imaging should be performed cautiously 
to prevent additional iatrogenic spinal cord injury. It the annual is appropriately 
immobilized using a backboard or similar device, the animal may be imaged in 
this fixed position and in lateral recumbency using a spinal coil. 

Inter vertebral disk herniations are some of the most common lesions seen 

in animals with acute spinal cord disease. The legeneration and desiccation of 

the intervertebral disk and loss of hydration in the nucleus pulposus is usually 

easily seen with T2-weighted sequences. Intervertebral disk extrusions or pro- 
trusions are often hypointense relative to the spinal cord, indicating loss of 

hydration or mineralization of the disk material (Fig. 26-7). Influences on the 
epidural and subarachnoid space are readily appreciated on the transverse image 
j^Ianes with loss of signal from the subarachnoid and epidural space (Fig. 26-8). 


Figure 

Sagittal T2 image with herniated Intervertebral disc at 12 3 (A) 
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Figure 26-8 

Transverse image of disc herniation at L2-3 indicating a left lateral surgical approach 

to the disk material (A). 


Often, spinal cord edema or enlargement of the central canal of the spinal cord 
are seen cranial to the disk herniation. MRI provides rhe great benefit of accu¬ 
rately diagnosing the site and extent of the disk material accumulation. I us 

greatly facilitates the suigical approach especially if a hemilaminectomy is per¬ 
formed. 


Disease of the spinal cord vasculature is another common cause of acute, 
severe spinal cord damage. An area of increased signal intensity is seen on a 

inflammation, or malacia 
within the parenchyma of the spinal cord. There is no evidence of any extradural 

spinal compression. Often there is a loss of the subarachnoid Npace due to cord 
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the first few days ot the initial history (Fig. 26-9). The authors have seen an 

acute disk herniation that was histopathologically confirmed with disk material 

within the spinal cord that mimicked a fibrocartilaginous embolism (FCE) (Fig. 

26-10). Therefore, if an FCE lesion is seen immediately dorsal to the interverte¬ 
bral disk base, this possible differential diagnosis should be considered. 

Tumors of the spinal cord may also result in acute spinal deterioration. 

Between direct imaging of rhe spinal cord and associated structures and MRI 
myelography, the typical distinctions of intramedullary, extramedullary intra¬ 
dural, and extramedullary extradural lesions can be identified. Most tumors of 
the spinal cord, meninges, or vertebral bodies undergo contrast enhancement. 
Lymphoma and myeloma may not undergo contrast enhancement. 
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Figure 

Sagittal T2~weighted image of cervical spine. Dog had acute tetraparesis. Spinal cord 
edema iis labeled A in the C3 region. This area did not enhance with contrast and 

was considered an FCE. The dog recovered with conservative therapy. 


Figure 26*10 

Transverse T2-weighted image of cervical spine. Dog had acute tetraparesis. Histo 
pathologically confirmed disk material was obtained from the edematous cord re* 
gion at C4-5 (A). 
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Emergency MRI for non-CNS disease in generally related to acute hemor¬ 
rhagic disorders. Such hemorrhagic studies above the diaphragm of an emergency 
nature are generally of the nasal cavity. Most common lesions seen are tumors 
and chronic inflamrmirion. A distinction can be made between m isses >t lie 
nasal cavity, fluid accumulation from an obstructive lesion, and primarily lytic 

lesions associated with fungal rhinitis and foreign 

Thoracic MRI studies of the heart and lungs are possible, and motion arti¬ 
facts can he relieved from cardiac or respiratory gating. Excellent studtes of the 

heart and mediastinum are possible. Lesions of the lung can be readily appreci¬ 
ated. CT is superior for visualization of small metastases to the lung. Due to the 
need to physiologic gate these studies, it is generally suggested that studies of 

the thorax not he performed on an emergency basis. 

Emergency MRI studies below the diaphragm generally involve acute alv 
dominal fluid accumulation. Veterinary patients are anesthetized for Mill, which 
stops gastrointestinal motility, and with minimal abdominal movement during 
respiration, the abdominal MRI series has excellent resolution. Portosystemic 
shunts and the associated hepatic encephalopathy may be seen on an emergency 

basis and the shunts can he diagnosed via MRI angiography (Fig. 26-12). 15 All 

major abdominal viscera, including rhe adrenals, pancreas, kidneys, liver, spleen, 

gallbladder, urinary bladder, prostate, and ovaries can be readily visualized on 
MRI. Tumors of the organs and intra-abdominal metastases of these tumors are 
readily visualized. MRI angiography is an easily accomplished study. 


i 


(Fig. 26-11) 


ies 




Figure 26-11 

T2-weighted sagittal image of a nasal tumor (A) eroding through the nasal bone (Bi 

and causing an obstructive sinusitis (C). (Image courtesy of Veterinary Diagnostic Im¬ 
aging and Cytopathology, Inc. Clackamas, OR.) 
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Figure 26-12 

Volumetric rendering of an abdominal MR venogram. A, level of the diaphragm; B, 

vena cava; C, shunt; and D, portal vein. 
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Systems that place a numerical sec>re *>n disease seven* y are widely used in human 

medicine, 1 * and are beginning to be created and studied in veterinary medicine. 

In the emergency room and iCU, a variety of systems 
cially have multiple purposes. Some are used to globally classify the degree of 
physiologic derangement in any critically ill animal regardless of the diagnosis; 
others are designed for application to specific situations, for example trauma. 
These systems give us a method to objectively classify the severity of disease, in 
other words, predict the outcome of survival or mortality. 

Tins information must be used with care. In general, scoring systems in veterh 
nary medicine should not be used to make clinical decisions about individual pa~ 
tients because the statistical information is not accurate enough for this purpose. 
Many of our veterinary systems have not yet been adequately validated; they do 
not give a level of predictive accuracy that compares with the systems available 
for human medicine. Veterinary scoring systems she Id be used to categorize pa- 

tients into groups with similar disease severity, which then can allow for group 
comparisons for clinical trials or for quality control within and between institutions. 


available that poten 
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A variety of scoring systems have been developed in small animal emergency and 

critical care. 5 u B uations have also ^een developed for use in large animals, Hit are 

beyond the scope of this chapter. 1316 The statistical accuracy of these systems can 
be assessed by evaluating the area under the receiver operating characteristic curve, 

sensitivity and specificity, t Jds ratios, and [ isitivc and negative predictive indices. 

Hie predictive accuracy of logistic regression equations is usually estimated 
using receiver operating characteristic (ROC) curves, which demonstrate the 
tradeoff between the true positive rate (sensitivity) and the false positive rate 
(1 minus specificity) at varying predictive appoints. The area under the ROC 
curve (AUC) represents the probability that a randomly selected “survivor” has 
a greater probability of survival than a randomly selected “nonsurvivor,” and is 

therefore a measure of the predictive value of the equation. I he Higher the AIX' 
value (closer to 1), the more accurate the equation. In human outcome predict 
tion equations, A 1 C values arc commonly obtained as high as 0.85 to 0.90. 
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The survival prediction index (SPI) is a method of scoring disease severity 

of critically ill dogs in the ICU. S 7 The system uses parameters that are indepen¬ 
dent of diagnosis and are part of the routine monitoring and evaluation of patients 
in the ICU. Data for this calculation can be collected early during hospitalization 
and before interventions being tested in clinical trials. This system was developed 

using logistic regression analysis, with data from an estimation sample of 499 dogs, 
collected in four different small animal CCUs in the United States, and validated 
using data from a randomly generated validation sample of another 125 dogs. 6 A 
backward elimination procedure was used to remove variables that did not con¬ 
tribute to the prediction of survival, resulting in a final equation that includes 
seven variables. For the purposes of data analysis, survival was defined as being 
alive after 30 days, with day 1 defined as the day of admission to the ICU. 

To calculate the SPI, the physiologic variables are recorded within 24 hours 

of admission to the CXTJ. When multiple measurements of a variable are ob¬ 
tained, tor example, packed cell volume, the most abnormal value in that 24- 

hour period is included in the calculation. SPI is calculated as follows: 


logit(P) = 0.3273 + 0.0108(mean arterial pressure) 

— 0.0102(respiratory rate) - 0.2183(creatinine) 

+ 0.0164(packed cell volume) 4- 0.3553(albumin) 

— 0.1184(age) — 0.8069(medical/$urgical) 


where medic a I/surgical is equal to 1 if the animal is from a medical service and 
0 if it is from a surgical service. The numerical values are entered into the linear 
equation to give a value for logit P, which is the log odds of survival. An expo¬ 
nential equation is used to solve for P, the predicted probability of survival. 

log it< p) 

The predicted probability (SPI) value thereby obtained is within the range from 
0 to 1, with 0 indicating the most severe disease and l indicating no mortality risk. 

f 1 lie AUC for the veterinary SPI equation estimation sample was 0.76, and 

that of the validation sample was 0.71. The estimated positive and negative 
predictive values at the optimal cut-point were 75,6% and 64 7%, respectively. 
The estimated sensitivity and specificity at this cut-point were 83.3% and 53.3%, 

respectively, 6 

The lower AUC values obtained in the veterinary equation ma be attrib¬ 
uted to the relatively small numbers of animals used compared to many thousands 
of patients in comparable human studies. The predictive accuracy of this equa¬ 
tion is not great enough for this system to be used for prediction of outcome in 

individual patients, hut it is high enough to provide a useful statistical tool for 

risk stratification in clinical research studies. 

Preliminary studies of this tool suggest that it may prove to be more accurate 
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in the sublet of dogs admitted to the ICU with a medical problem (AUC = 

0.75), compared with surgical admissions (AUC = 0.70). 6 Another study evalu¬ 
ated the utility of serial estimations of the SPI on days 1 and 3 of ICU hospitaliza¬ 
tion/ We hypothesized that data obtained later during hospitalization, closer to 

the time of the actual outcome, might provide a more accurate prediction. In a 
group of 64 dogs, the AUC was higher using day 3 measurements (AUC 
than that obtained using day 1 measurements (AUC = 0.65), but the increase 
in the AUC value was not statistically significant. 7 A pilot study is underway 
to generate a similar SPI equation for critically ill cats in the ICU. 


0.70) 




A prediction equation was developed using a group of 169 dogs admitted 
to the l< U following laparotomy. 8 Seven numerical variables were tested: packed 

cell volume, total protein (TP), platelet count, albumin, alkaline phosphatase, 
bilirubin, and age. The overall mortality rate of this group of dogs was 18%. Of 
the parameters tested, only age, total protein, and platelet count were signifi¬ 
cantly different between survivors and nonsurvivors. 8 The following equation 

was generated based on that data: 


Logit ']") 


0.6727 + 1.2471 AGE) 

1.103 (platelet 1) 

1.999(TP1) 


1.436(platelet 2) 

2.579(TP2) 


where: age 5 years or younger, Aa iE 

count less than 201,000, platelet 1 = 0 and platelet 2 

201,000 and 400,000, platelet 1 
above 400,000, platelet 1=0 and platelet 2 

dL, TP1 = 0 and TP2 

TP2 


0; age over 5 years AGE - 1; platelet 

0; platelet count between 
1 and platelet 2 = 0; and platelet count 

1; total protein less than 5.6 g/ 
0; total protein between 5.6 and 6 g/dL, TP I - 1 and 

0; and total protein greater than 6 g/JJ . TP I =0 and TP2 = 1. 

bg «t( P) 

[1 + «<'■)] 

Unfortunately, the accuracy of prediction by this equation is not reported. Fur¬ 
ther studies are needed to test this and other equations. 




Probability of mortality 


P 












Trauma scoring is another numerical characterization of disease severity. 
Scoring systems applied to more uniform patients (i.e., those with similar catego¬ 
ries of disease) might be expected to be more accurate than those derived from 

and applied to a heterogeneous group. The Animal Trauma Triage (ATT) scor¬ 
ing system assigns scores to clinical findings in 6 categories on a 0 to 3 scale, 

where 0 indicates slight or no injury and 3 indicates severe injury, using the 
criteria listed in Table 27-12* The six scores are added together to give a total 
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No discernable disease 


I 


Mild systemic disease 


Fracture without shock, skin tu 

mor, localized infection 

Fever, dehydration, anemia, 

cachexia 

Uremia, toxemia, severe hypovo 
lemia, heart failure, sepsis 

Extreme shock, terminal malig 
nancy, severe trauma 


II 


Severe systemic disease 


II 


Severe systemic disease that is 
constant threat to life 


IV 


Moribund patient not expected 
to survive 24 h with or without 
surgery 


V 


ATI score, with a highest possible score of 18. This system defined the end 
point as survival 7 days following presentation. 

This scoring system was tested retrospectively in a group of 76 dogs and 25 
cats with a survival rate of 77.2%, and prospectively in a group of 62 dogs and 

26 cats with a survival rate of 85,2%. In hoth groups, there was a significant 

d itference between ATT scores of survivors and nonsurvivors. Odds ratio analysis 
of the prospectively collected data demonstrated that each increase of 1 in the 
ATT score resulted in 2.3 times decreased likelihood of survival. 9 


9 


of 










The American Society' of Anesthesiologists (ASA) classification of the 
physical status of the patient (Table 27-2) is a different scoring system that can 

k applied prior to initiation of anesthesia. 10 This simple classification system 

forces the anesthetist to evaluate the patient’s condition, may i>e valuable in 
selection of anesthetic drugs, defines the extent or monitoring needed for the 
patient, and should be part of every anesthesia record. 10 


Animal 


The Glasgow Coma Scale is a routine part of the assessment of human 
patients with head trauma. An analogous small animal coma scale has been 
proposed for use in dogs with craniocerebral trauma. 11,12 This numerical scoring 
system defines categories of neurologic function and assigns numerical scores 

that reflect the patient’s status (Table 27-3). The three categories of neurologic 
function included are level of consciousness, brainstem reflexes, and motor func¬ 
tion. Scores of 1 to 6 are assigned in each category', from worst to best status, 
with a total possible score between 3 and 18. A score of 3 to 8 is thought to 

represent the w'orst prognosis, 9 to 14 a poor to fair prognosis, and 15 to 18 a 

good prognosis. 11,12 This system has not been objectively tested in a large group 
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Coma Scale 11 * 12 


The Small Am \al 


Level of 

Brainstem Reflexes Consciousness 


Points 


Motor 


Normal pupillary light | Occasional periods of 
responses and oculo- 
cephalic reflexes 

Slow pupillary light 
responses and normal 

to reduced oculoceph- 
alic reflexes 


Normal gait normal 
spinal reflexes 


6 


alertness and respon 
sive to environment 


Hemiparesis, tetrapa¬ 
resis or decorticate ac 


5 


Depression or 
ium, capable of re¬ 
sponding to environ¬ 
ment but response 

may be inappropriate 


Recumbent intermit- Bilateral unresponsive 

miosis with normal to 

reduced oculoceph- 

alic reflexes 

Pinpoint pupils with 
reduced to absent 
oculocephalic reflexes 


Semicomatose, re¬ 
sponsive to visual sti 
muli 


4 


tent extensor rigidity 


Recumbent constant 

extensor rigidity 


3 


Sem comatose, re¬ 
sponsive to auditory 

stimuli 


Recumbent constant 

extensor rigidity with 

opisthotonus 


2 


Unilateral, unrespon¬ 
sive mydriasis with re 
duced to absent ocu¬ 
locephalic reflexes 

Bilateral, unrespon¬ 
sive mydriasis with re 
duced to absent ocu¬ 
locephalic reflexes 


Semicomatose, re¬ 
sponsive only to re¬ 
peated noxious sti¬ 
muli 

Comatose, unrespon 
sive to repeated nox 


Recumbent hypoto¬ 
nia of muscles, de¬ 
pressed or absent spi 

nal reflexes 


1 


of patients, hut it may prove helpful in categorizing groups of patients in the 

future* 






All veterinary scoring systems are developed for the same purpose: to categorize 
patients into groups with similar severity of disease. This type of scoring system 

may have some utility tor triage of patients to objectively and prospectively allo¬ 
cate resources of staffing and equipment. In individual animals, however, it is 

arguable whether these systems provide additional information over that oh' 
tained by the thoughtful evaluation of an experienced clinician. 

The real value of all scoring systems is their use in categorizing groups of 

patients for research studies. Scoring systems such as the APACHE scoring sys- 
rem are used extensively in human medicine to classify patients into groups for 
clinical trials. 1 * 2 To document that a management strategy is associated w ith an 

improved outcome when two groups are compared, it is important to objectively 
demonstrate that the tw r o groups had a similar severity of disease to start w ith. 
Similarly, these scoring systems can also he used if a specific test result is being 
studied to determine its relationship with the severity of disease. Objective char¬ 
acterization of the severity of disease also allows comparison of actual outcomes 

between institutions and within institutions over time. 
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The study of scoring systems in veterinary medicine is still in its infancy. Because 
they are often derived front relatively small groups of patients in comparison to 
similar human systems, veterinary scoring systems and prediction equations are 
not as accurate as those of human medicine. Although t hey provide useful infor- 
mat ion for statistical use for clinical research studies, they should not he used 
alone to make clinical decisions about management of individual patients. Fur* 

ther study needs to he done to refine these systems, to include many more pa¬ 
tients in both estimation and validation samples, and to generate more accurate 
equations and scoring systems. 
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Cardiovascu ar Disorders 


. Wingfield 


Girdii pulmonary arrest is defined as the abrupt, unexpected cessation of sponta¬ 
neous and effective ventilation and systemic perfusion (circulation). Cardiopul¬ 
monary resuscitation (CPR) provides artificial ventilation and circulation until 
advanced life support can be provided and spontaneous circulation ami ventila- 

tion restored. CPR is divided into three support stages: basic life support, ad¬ 
vanced life support, and prolonged life support. 


Cardiopulmonary arrest is usually the result of a cardiac dysrhythmia. This arrest 

may be the result of primary cardiac disease or diseases that affect other organs. 

In animals, arrest most frequently occurs with diseases of the respiratory system 

(pneumonia, laryngeal paralysis, neoplasia, thoracic effusions, and aspiration 
pneumonitis), a result of severe multisystemic disease, trauma, and following 
cardiac dysrhythmia. Predisposing causes of cardiopulmonary arrest include va¬ 
gal stimulation, cellular hypoxia, acid base and electrolyte abnormalities, anes¬ 
thetic agents, trauma, and systemic/metabolic diseases. 






Warning signs of cardiopulmonary arrest include changes in the respiratory rate, 

depth, or partem; a weak or irregular pulse; bradycardia; hypotension; unex¬ 
plained changes in the depth of anesthesia; cyanosis; and hypothermia. 1 Ue diag¬ 
nosis of arrest includes absence of ventilation and cyanosis (“respiratory arrest*'), 
absence of a palpable pulse (the pulse will disappear when the systolic pressure 
is <60 mm Hg), absence of heart sounds (heart sounds will disappear when the 
systolic pressure is <50 mm Hg), and dilation of the pupils. 






Readiness for patients at risk for arrest also includes preparing an emergency 

drug card tor each patient. An example of this card can be found at the following 
internet address: 


http; / / uftite. ciTnhs. colostate. edu / clinsd/umg/emdrugs . httnl 
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The emergency drug card lists drug volumes required based on dosage, species, 

and body weight of the patient. In the emergency, the veterinarian is only re¬ 
quired to know which drug to give. With an emergency drug card, the dosage 
is already ca culated, thus accelerating the approach to resuscitation. 

A well-stocked “crash cart” is essential. Items for the crash cart are listed 

in Table 28-1 ♦ The crash cart should be checked daily and missing items replaced. 


Cuffed endotracheal 


12 mm. 2 each 


Airway 


tubes 


Anesthetic machine 


Oxygen 

Laryngoscope 


Oxygen 

Small and large blade | Airway 

Tie endotracheal tubes 

in place 

6, 12, and 20 mL (6 of I Drug administration 




IB 


Fil 


II 


LTJU 


Syringes 


t 


)] 


c 






Drug administration 




Meedles 


14, 16. 18, 20, 

gauge. 6 of each 

16. 18. and 20 gauge 

(3 of each) 


Drug administration 


IV catheters 


Intraosseous catheters or 18 and 20 gauge (2 of 
bone marrow needles 

Thoracocentesis setup 


Drug administration 


ch) 




Thoraco- or pericardio 

centests 


mL syringe, 3-way 

stopcock, IV extension 

and 20-gauge 

cm needle 

Adult, pediatric, and in¬ 
ternal paddles {4 J/kg) 

0.2 mg/kg IV or 0.6 mg/ 


m 


La 


i 

< 


Defibrillation or cardi 
oversion 

a- and p-agonist 


Electrical defibrillator 


■Tpinephrine 






0.03 mg/kg IV or 0. 

mg/kg IT 

0.25-1 mEq/kg IV 
2 g over 2 min 
10 mg/kg IV 


Opiate antagonist 


Naloxone 


IKS 


Alkalinizing agent 

Chemical defibrillator 

Chemical defibrillator, 

ventricular antiarr- 

hythmk 

Class IB ventricular anti 

arrhythmic 


Sodium bicarbonate 

Magnesium chloride 

Rretylium tosylate 


2-4 mg/kg IV bolus fol¬ 
lowed by 50-100 pg/kg 


Lidocaine 


C 


ii 


Atropine sulfate 


Parasympatholytic 


0.04 mg/kg IV or 0.12 
mg/kg IT 


IV, intravenous; IT, intratracheal; CRl, constant rate infusion. 
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A checklist of crash cart contents is also useful to ensure consistency. This check¬ 
list should be dated, initialed, and completed by a designated technician. Desir¬ 
able features in the crash can include mobility, organization, and only emergency 

drugs. Too often a plethora of drugs are put in containers such as a fishing tackle 
box. These contain too many drugs for ease of convenience during resuscitation. 
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The ABCs ot basic life support are Airway, Breathing, and Circulation 

(Fig. 284). 






The first step is establishment of the unresponsiveness and assessment ot 

the airway. Quickly check the airway for foreign materials (hones, blood clots, 

fractured mandible, vomitus). Occasionally clearing the airway is achieved by 
maneuvers such as the Heimlich maneuver. Rarely a surgical or needle tracheae 
tomy is required. Position the animal in ventral recumbency in preparation for 

endotracheal intubation. Accurately place the endotracheal tube with the use 
of a laryngoscope. Correct placement is best achieved with an end-tidal carbon 
dioxide (CO : ) monitoring. If the endotracheal tube is accidentally placed in the 
esophagus, little or no C0 2 is present in the expired gas. The concentration of 

expired CO 2 changes when blood flow to the lungs changes and is an indirect 
indicator of stroke volume and systemic blood flow. When ventilation is con¬ 
trolled, end-tidal C0 2 is linearly related to stroke volume even during low blood 
flow rates as occur during CPR. 1 Experimentally, dogs with the highest levels of 

end-tidal CO 2 also had the highest rate of survival from cardiac arrest. 2 The 
higher C0 2 excretion in survivors likely indicates better tissue perfusion during 

CPR. 


•n 


JSauUiTg 


Once the airway is cleared and established, and the animal is assessed to 
be not breathing, two long (1.5 second), artificially ventilated breaths are admin¬ 
istered with 100% oxygen (O ). If spontaneous breathing does not occur, contin¬ 
ued artificial ventilation is provided at a rate of 12 to 20 breaths per minute and 

an airway pressure of 20 to 30 cm H 2 0. Again, end-tidal C0 2 can be used to 

monitor ventilation during low flow conditions. During low blood flow states a 

doubling of the minute ventilation decreases end-tidal C0 2 by 50%, whereas 
when minute ventilation decreases 50%, end-tidal C0 2 doubles. 3 Errors in inter¬ 
pretation may occur if both ventilation and perfusion are not constant. 

Another new technique for supplying 0 2 during CPR is with continuous 

flow insufflation through a plastic catheter whose tip is placed above the tracheal 
bifurcation. 4 Using an 0 2 flow of 0.2 L/kg/min, dogs were successfully maintained 
until spontaneous ventilation returned. Although the dogs in this study did not 

have cardiac arrest, this technique may be effective in delivering 0 2 to arrested 

dogs. 
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Use o: acupuncture to stimulate respiration has been reported. Placing a 
needle in acupuncture point Jen Chung (GV26) may reverse respiratory arrest 
under clinical conditions. The technique involves using a small (22 28 gauge, 

1-1.5 inch) needle in the nasal philtrum at the ventral limit of the nares. The 

needle is twirled strongly on the maxillary periosteum and moved up and down 
while monitoring for improvement in respiration. This is a simple technique and 
can be used quickly. 

For more than 30 years, emergency ventilation has been considered an es¬ 
sential component of basic life support. It would seem logical that ventilation 
has the potential to improve the success of resuscitation from cardiac arrest by 
improving tissue oxygenation and acidosis, but this benefit has only recently 
been studied. 5 * 

NX :ien blot ' flow stops, ventilation does not affect tissue conditions. Venti¬ 
lation does affect oxygenation and arterial and venous CO 2 and pH and may 

affect intracellular environment in the presence of low rates of blood flow. Venti¬ 
lation may be unnecessary during the first few minutes of CPR, but under condi¬ 
tions of prolonged untreated cardiac arrest, it affects return of spontaneous circu¬ 
lation and is important for survival. 6 Chest compression alone and spontaneous 

gasping provides some pulmonary ventilation and gas exchange. However, blood 
oxygenation can be improved with supplemental 0 2 . 

Sources of ventilation during cardiac arrest include compression-induced 

ventilation where gas is expelled from the lungs and is “passively inhaled” follow¬ 
ing elastic recoil of the chest wall during the relaxation phase. 611 In multiple 
animal studies, compression-induced ventilation alone has proved substan- 

However, measured minute ventilation and arterial oxygenation de¬ 
crease after 4 to 10 minutes of CPR with or without assisted ventilation. This 

develops because of progressive chest compression-induced atelectasis and tho¬ 
racic deformity. 7 In addition to compression-induced ventilation, spontaneous 
respiration, usually in the form of agonal or gasping breathing, commonly occurs 

during cardiac arrest in both animals and humans further contributing to total 
ventilation and outcome. 
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Instead of using the ABC sequence, in Belgium the approach to witnessed 
arrests is usually “CAB" (Circulation, Airway, Breathing). Rescue breathing is 

delayed several seconds to minutes to enable prompt provision of chest compres¬ 
sion. Survival outcomes with CAB appear to be similar to, if not better than, 
those reported with ABC" CPR. 

What are the adverse effects ot mouth-to-mouth (mouth-to-nose) ventila¬ 
tion? When no endotracheal tube is in place, assisted ventilation maneuvers 
often are associated with gastric insufflation and aspiration pneumonitis. 17 An¬ 
other consideration is whether there are important differences between exhaled 
gas and ambient air. Although air has 21% O* and 0.03% CO*, exhaled gas 
contains a mean O 2 concentration of 16.6% to 17.8% and a mean CO> concen¬ 
tration of 3.5% to 4.1% during one- and two-rescuer CPR. 18 Expired gas is thus 

slightly hypoxic and hypercarbic. This hypercarbia may have adverse cardiovas¬ 
cular effects including inhibition of rate and force of cardiac contraction. 

Undoubtedly chest compression with ventilation has been documented to 
save lives. 21 Nevertheless, applying mouth-to-nose ventilation likely prevents 
CPR from being done in many animals in arrest. The available evidence does 

lend credence to the suggestion that providing positive-pressure ventilation in 
the early minutes of resuscitation may not he as crucial as previously assumed. 

However, there are no convincing data to suggest ventilation is not of high 

priority when the resuscitation continues more than 5 minutes. 21 Clearly, provi¬ 
sion of chest compression without ventilation is far better than not attempting 
resuscitation at all. 13 


12-16 


19,20 


The use of blood gases, particularly arterial, has been a long-standing prac¬ 
tice for monitoring ventilation. After 9 minutes of low blood flow states, cent ral 
venous bl< 


more closely reflect the status at the tissue level. 22 This contrasts 
with the situation in ventricular fibrillation, when minimal changes in both arte¬ 
rial and mixed venous hl< 


gases occur. Because there is little bli 
CPR, the larger arteries do not reflect the situation at the tissue level. In tact, 

a decreasing arterial pH and O 2 level and an increasing CO 2 level may indicate 
a higher cardiac output and better tissue perfusion. Arterial blood gases can be 

used to assess perfusion only when ventilation is held constant and used to assess 
ventilation when perfusion is held constant. Both of these tasks are difficult to 

achieve during CPR. Mixed venous pH, O 2 , and CO 2 levels are more useful 

because they more closely reflect the tissue environment and are less affected 
by minute ventilation. 


flow during 




21 


The weak link in CPR is the inability of chest compressions to achieve 
adequate blood flow to the vital organs. In the original report on CPR published 

in I960, 24 the ability to achieve a palpable pulse was mistakenly interpreted as 
indicating that chest compression could achieve adequate systemic bKxxl flow. 

Blood flow in both systemic and regional (e.g., coronary) circulations is less than 
one fourth of prearrest levels during closed chest compressions. The difference in 
arterial and venous (peak) pressures is negligible. It is the arteriovenous pressure 
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difference that is the principal determinant of systemic and regional Mood flow. 

Tire difference between aortic diastolic and right atrial diastolic pressure, called 
coronary perfusion pressure, is the pressure gradient that drives coronary blood 

flow. Studies in human CPR outcomes show that a coronary perfusion pressure 

of at least 15 mm Hg is necessary for satisfactory outcome.* 5 This also explains 
why CPR has had such a p<xir success rate. 
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I lie advent of modern CPR began with Kou wenho ven s description of ex¬ 
ternal chest compressions in I960, 24 and until recently, many of the theories 
and techniques behind its use went unquestioned. ’Recent studies into various 
methods of improving the outcome of resuscitation efforts have brought forth 

new information that questions some of these long-standing but unproven theo¬ 
ries, The goal of external chest compression CPR is to maximize the generated 
blood flow. Restoration of native cardiac activity and preservation of brain fiinc- 

rion are directly related to these flows. 


During artificial “systole” (external chest compres¬ 
sion), the ventricles are compressed to a greater extent than the atria. Presumably 

cardiac compression generates higher pressure in the ventricles than elsewhere 

in the thorax. This results in the production of an atrioventricular (A V) gradient 

and subsequent closure of the AV valves. Chest compression results in squeezing 
of the heart between the ribs, reducing ventricular volume and causing ejection 
of blood into the systemic arteries. During chest relaxation or “diastole,” intracar- 
diac pressure falls and ventricular pressure decreases below atrial pressure, leading 
to opening of the AV valves and ventricular filling from the systemic venous 

reservoir. 2 *' 31 If this mechanism of blo< d flow is correct, stroke volume should be 
determined by the amount of cardiac deformation (determined by the force of 

chest compression). 26,31 Prolongation of compression beyond the time necessary 

to squeeze the heart will have no effect on stroke volume because ejection ceases 

as soon as sternal displacement is maximal. With a fixed amount of rib displace¬ 
ment. increases in the rate of compression will increase* flow because a fixed 
stroke volume is pumped into the arteries per unit time. Evidence supporting 
the cardiac pump theory has been demonstrated in dogs weighing less than 7 

kg.* 2 In these small dogs, cardiac compression is readily achieved and has been 

demonstrated radiographically. However, in larger animals direct cardiac com¬ 
pression may be more difficult to achieve. Supporters of the cardiac pump theory 

have demonstrated (via the use of ultrasonic transducers implanted in the ven¬ 
tricular wall) that external chest compressions produced changes in ventricular 
shape that were characterized by decreasing cardiac diameter parallel to die force 
of compression. 26 * 31 However, although alterations in ventricu ar shape were dem¬ 
onstrated, changes in ventricular volume that would prove the cardiac pump 

mechanism were not documented. 


aiinii 
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ry. One of the first findings that led to questioning of 
the cardiac pump theory was that closed-chest CPR failed to generate measurable 
blood pressure in several patients with flail chest, a condition that should permit 
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direct cardiac compression more readily. 26 * 29 Only when the chest was stabilized 
by external binding could blood pressure be generated. Patients who developed 
ventricular fibrillation during cardiac compression were able to produce a cardiac 
output adequate to preserve consciousness by repeatedly coughing and phasically 

elevating intrathoracic pressure. 27,29 * 10 This observation of “cough CPR" initiated 

much research into whether direct cardiac compression or elevation of intratho¬ 
racic pressure was responsible for blood flow during CPR, 

By Boyle’s law, the more the thoracic volume is compressed, the more intra¬ 
thoracic pressure will increase. The thoracic pump theory proposes that blood 
flow generated by external thoracic compression is the result of phasic changes 
in intrathoracic pressure, without direct compression of the heart. 26,27,29 ' 31 Dis¬ 
placement of the sternum and direct cardiac compression are irrelevant, whereas 

the development of intrathoracic pressure is critical. In this theory, ill the blood- 

containing structures within the thorax are considered to be elastic and collaps¬ 
ible by external pressure. The systemic veins are easily collapsed, whereas the 
aorta and its major branches tend to resist collapse. External chest compression 

from any direction results in a generalized increase in intrathoracic pressure. The 

subsequent increase in intravascular pressure is transmitted from the intratho¬ 
racic to the extrathoracic arteries. IVcause of the competent venous valves, col¬ 
lapse of the veins at the thoracic inlet anil a highly compliant extrathoracic 

venous system, pressure is not transmitted to the extrathoracic veins. This resul ts 

in an AV pressure gradient for extrathoracic blood flow. During “diastole," intra- 

thoracic pressure falls below extrathoracic venous pressure and blood returns to 
the lungs. In this model of blood flow, the heart acts as a passive conduit and 
plays no role as a blood pump. Because increases in intrathoracic pressure de¬ 
crease the size of vessels leaving the thorax, flow limitation will occur. 29,31 This 
results in a relatively constant flow per unit time. Therefore, flow should be 
dependent on the duration of compression per cycle rather than on the rate of 

This fact has been well documented in several canine models of 


27 


compression. 

cardiac arrest in which increasing the rate of compression at a constant duty 

cycle (duration of compression) did not increase myocardial or cerebral blood 

flow. 26,51 However, increasing the duration of compression from 15% to 50% 

while maintaining a constant compression rare resulted in a significant increase 
in cardiac output. 


2MI 


Guidelines. Numerous investigations into the mechanism of blood flow dur¬ 
ing CPR have confirmed that the majority of forward blood flow results from a 

generalized rise in intrathoracic pressure and not from direct cardiac compres- 

Depending on ventral-dorsal thoracic diameter, the presence or 
absence of cardiac enlargement, thoracic compliance and patient size, the cardiac 
pump mechanism may or may not contribute to generation of forward Hood flow 
during closed-chest CPR. 

Because of the controversy surrounding blood flow during CPR, the 1986 

American Heart Association guidelines 33 for CPR have increased the recom¬ 
mended rare of chest compression from 60 to 100/m in in human patients. This 
change represents a compromise I between advocates of the thoracic pump mecha- 
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nism and those who support the cardiac pump theory. Based on the theory be- 

hind the thoracic pump* acceleration of compression rate should have no effect 

on net cardiac output and in this setting, duration of compression is deemed to 

be more important (with at least a 50% duty cycle). At a rate of 60/min* a pause 
between chest compressions is required to achieve a 50% duty cycle. This is 
difficult to achieve and often tiring for the rescuer. A faster rate of approximately 
100/min allows a 50% duty cycle to be more readily achieved and satisfies those 

proponents of the cardiac pump theory who recommend faster chest compres- 

si< »ns, 


One way of potentially increasing blood flow would be to increase the 

amount of chest compression force and displacement. There appears to be a 
minimum amount of chest compression force that must be applied to generate 

blood flow. 31 It is likely* therefore, that ineffective CPR occurs in many instances 
because inadequate chest compression force is applied. There is little chance 

that ischemia will be relieved* or that drugs will be delivered adequately* if insuf- 

ficient blood flow is generated. 
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Based on the different mechanisms of blc J flow during C PR, several liter 

at ions in CPR technique have been proposed. 
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If phasic increases in intrathoracic pressure can generate blood flow during 
CPR* then for any given degree of thoracic displacement* any manipulation that 
augments intrapleural and intrathoracic pressure should increase forward blood 

flow. 


6,J2J4 


Application of external thoracic compression and simultaneous venti- 
lation at high airway pressures (40-60 cm HjO) has been shown to significantly 
increase intrathoracic pressure when compared to conventional closed-chest 

This technique has produced greater increases in arterial 
and aortic blood pressure, carotid blood flow, and cardiac output in both human 

and animal studies when compared ro conventional CPR techniques. 

gional cerebral and coronary blood flow have also been demonstrated to be en 

hanced using SCV CVR in a canine model. 


CPR (CC CPR) 
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It abdominal compression is applied, there is an increase in Wood flow anal¬ 
ogous to the intrathoracic pressure pump. Intrathoracic pressure also increases 
during abdominal compression. 26 It may also redirect blood flow from the caudal 
half of the body, resulting in increased venous return and an apparent increase 
in central blood volume. 26 * t impression of arterial vessels may cause an increase 
in systemic vascular resistance and thus contribute to the increased blood pres¬ 
sures observed with abdominal compression. 26 i6 ’ 37 In addition it is presumed that 

abdominal compressions applied between thoracic compressions may lead to 
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compression of the aorta, producing greater retrograde aortic flow into the chest 3 * 
and thus augmentation of coronary flow. 

Studies involving the use of IAC CPR have yielded conflicting results. In 
33 human, adult, nontraumatic cardiac arrest patients, IAC CPR significantly 
increased end-tidal C0 2 as compared to standard CPR and was associated with 
an increase in the return of spontaneous circulation (end-tidal C0 2 has been 

shown to have a positive correlation with coronary per fusion pressure and success 

of resuscitation). 59 Elevation of diastolic arterial pressure and mean arteriovenous 

pressure gradients with IAC CPR has also been demonstrated. 40 In animal mod¬ 
els, cardiac output, systemic 0 2 uptake, and both cerebral and myocardial blood 
flow were substantially enhanced by this technique when compared with stan¬ 
dard CPR. 26 However, in another study involving 30 dogs, there was no differ¬ 
ence in initial resuscitation success, 24'hour survival, or neurologic deficit of the 
survivors, when IAC CPR was compared to conventional CPR. 41 As of yet, no 
long-term studies h u e shown an increased survival using this method. 

The use of continuous abdominal compression via the use of military anti- 
shock trousers (MA ■ 1 has also been evaluated. 36 * 1 * 42,45 These inflatable trousers 

cause an increase in peripheral vascular resistance with a resultant increase in 

aortic systolic and diastolic pressures during resuscitation. 36,31 Once again, how¬ 
ever, MAST-augmented CPR has not been demonstrated to increase the survival 

rate from cardiac arrest 45 and cannot be recommended at this time. 








m 




It is generally accepted that the generation of forward blood flow is greater 
with OC CPR than with standard external chest compressions. Numerous studies 
have documented significant improvement in mean aortic pressure, cardiac out¬ 
put, coronary and cerebral perfusion pressures, and rate of successful resuscitation 
with open-chest cardiac massage. 26,4445 Mean circulation time is also shorter with 
direct cardiac massage. 26 The lower coronary and cerebral perfusion pressures 

with CC CPR versus OC CPR are thought to be due to the generation of higher 
right atrial and intracranial pressures with a closed thorax. 6 Interestingly, no 
reports are available in the literature to document improved outcome using OC 
CPR versus ( 1 ’ ' TR in veterinary clinical patients 

Of 3 v; 82 human patients undergoing cardiac surgery over a 30- month pe¬ 
riod, 29 patients (0.7%) had a sudden cardiac arrest. Of these 29 humans, 13 
patients (45%) were successfully resuscitated with CC CPR, 14 (48%) with OC 

CPR, and 2 (7%) died despite CC CPR and OC CPR. 46 

Despite the fact that hi I flow and bl <od pressures are improved with (A 

CPR, the impracticalities of using this technique in many situations limit its 

usefulness. However, in several situations direct cardiac compression via OC 

CPR is indicated 2645 : (l) cardiac arrest in the presence of significant thoracic 

wall trauma, (2) cardiac arrest during surgery when the thorax is already open, 

(3) arrest during abdominal surgery when the thorax can be entered via the 
diaphragm, (4) in cases of suspected uncontrolled intrathoracic hemorrhage, and 
(5) in the face of failure of adequately applied CC CPR. This last indication 
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remains controversial and ill-defined. One author suggests that the thorax be 

opened in animals greater than 15 kg in whom external CPR has not produced 
return of spontaneous circulation within 2 to 5 minutes, or in any animal in 
which CC CPR does not reverse mucous membrane color from cyanotic to pink 

within 2 minutes. 45 Whether or not to perform X ( PR remains the decision 
of the primary caregiver. However, this decision should be made earlv in the 

arrest period, because OC CPR is more effective in improving the rate of success¬ 
ful resuscitation if efforts at ineffective closed-chest resuscitation are not contin¬ 
ued fbr long periods. 
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Advanced cardiac life support (ACLS) includes drugs and definitive therapy to 
enhance cardiac performance and promote blood flow .Fig. 28-2). 
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Direct-current cardioversion is the single most effective resuscitative mea¬ 
sure for improving survival in cardiac arrest. 47 * In a study of 1667 human cardiac 

arrest patients with ventricular fibrillation, survival decreased linearly with in¬ 
creasing time to defibrillation. 

Total disorder of the ventricles of the heart, accompanied by incoordination 
of contraction, is known as ventricular fibrillation. For centuries, ventricular 

fibrillation was recognized as a terminal event from which there was no recovery. 
In 18W, Prevost and Battelli reported on extensive investigations into electrical 
methods of treatment of fibrillation in dog hearts. They were able to show that 
powerful electric shocks applied directly to the heart could convert ventricular 
fibrillation into a sinus rhythm. No clinical application of tins technique was 

reported until 1947, when Beck successfully resuscitated a 16-year old boy from 

ventricular fibrillation by applying alternating-current electric shock directly to 
the heart. Following this, directly applied cardiac electrical shock became com¬ 
mon in human operating rooms. The need for conversion of ventricular fibrilla¬ 
tion without opening the chest soon became obvious and external electrical 

defibrillators were developed in the mid-1950s independently by Zoll and 

Kouwenhoven, and have since received wide clinical application. 

Underlying the rationale of electrical defibrillation is the fact that a massive 
electrical shock will cause complete depolarization of all the individual myocar¬ 
dial fibers. When all the cells within the re-entrant circuit are depolarized, a 

condition of electrical homogeneity is established, which is inimical to re-entry. 
This is because ongoing re-entry requires that at all times some part of the cham¬ 
ber not be depolarized, so that this part can be next in line to be activated. 52 
To be successful, an electrical shock must produce a period of electrical homoge- 

net y that persists for a sufficient time i >110 msec). 

The minimum amount of energy required to defibrillate the heart is called 
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Flow sheet for advanced and prolonged life support in animals. 


Copyrighted material 








































































































Cardiopulmonary A 




SB ^"TH 




the d fibrillation thresiiold. This defibrillation threshold is not a single value bur 

rather is a sigmoidal dose-response relationship. The greater the energy in a 
shock, the more likely it is to defibrillate a given heart. 54 There is marked variabil- 

it from animal to animal in the energy threshold, mainly because of interanimal 
differences in transt/ioracic impedence . This impedence has several important de~ 
terminants: the size of the animal* electrode size, electrode-thoracic wall contact 
pressure and couplant (“electrode paste”), and phase of the respiratory cycle. 

Increases in transthoracic impedence during lung expansion are especially impor¬ 
tant in animals receiving mechanical ventilation and those receiving basic life 


support. 


Impedence declines with multiple shocks partly because of the edema and 

tissue hyperemia in the electrical current’s pathway. 55 Because current, and not 
energy, is the determinant of successful defibrillation, recently developed defi¬ 
brillators automatically deliver more energy when impedence is found to be high. 

Current required for defibrillation increases with heart and body weight, but 

excessive current impairs the contractile force of the myocardium. Therefore, 

defibrillarion with the minimum peak current is obviously desirable. Hypoxia, 
hypothermia, pH, and ionic and catecholamine levels in the circulation are 
known to affect the amount of current required for defibrillation. 56 Other factors 
besides transthoracic impedence can influence defibrillation threshold. Lido- 
caine reversibly increases defibrillation threshold by as much as 50%. 57 Beta ago¬ 
nists and aminophylline, on the other hand, lower the defibrillation threshold. 

The incidence of defibrillation is inversely proportional to the duration of fibril¬ 
lation. 5 ^ In Figure 28-3, the duration of fibrillation is seen to be proportional to 

the maximum achievable success of defibrillation, and up to a certain point is 
directly related to the energy requirement for conversion. Energy is defined as 
the ability to do work. In a practical sense, it is the power multiplied by the 
time it is delivered; the unit used is the joule (J) or watt-second. This defibrilla- 

tion energy requirement is approximately 4 to 5 i/kg. 

Emergency defibrillation should he used to treat rhythms such as ventricular 

fibrillation or rapid ventricular tachycardia that have caused the animal to be 
pulseless and unresponsive. In this situation, speed should be given the highest 

priority. This is due to the fact that the strongest determinant of survival is the 

interval between the onset of a cardiac arrest and the delivery of an effective 

electrical shock. If ventricular fibrillation is witnessed in the monitored animal. 




de fibrillation precedes basic life-support techniques. 

The electrode paddles should be well coated with gel, particularly around 
the edges. Although salt-containing electrode paste is usually used, ultrasound 

gel or surgical lubricant may also be used with equal success. 

The paddles are applied firmly to the thoracic wall with about 25 lb of 

pressure. This compresses the thorax, leading to a shorter electrode distance and 
lower thoracic impedence. Placement across the thorax likely makes little differ¬ 
ence in the dog and cat. The paddle surface is generally as large as the heart 
and only 28% of the fibrillating myocardial cells must be depolarized to cease 
fibrillation. In the larger dog, one may try and position the paddles so defibrilla¬ 
rion occurs from the bast- to apex of the heart. 
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Curves showing estimated success of defibrillation versus delivered energy after 1 

and 9 minutes of fibrillation in dogs receiving closed-chest cardiac 

ficial ventilation with epinephrine. (From Yakitis RW, Eqy GA, Otto CW, ef a/.: Influ 
ence of time and therapy on ventricular fibrillation in dogs. Crit Care Med 8:157, 

1980 .) 
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Extreme care must be taken to avoid having ‘ he paddles touch each other 
and that there is no bridging gap b 'tween the electr >des by conductive gel. Once 
the paddles are in place, the defibrillator is charged. Prior to discharging the 
capacitors, the operator of the paddles MUST ensure no person is in contact 
with either the animal, the table top, nor a wet floor. Once a quick inspection 

has Wen made, the operator then loudly announces “ALL CLEAR!". After a 
second glance at the scene, the operator may now discharge the defibrillator. 

If the first attempt fails to convert to a hemodynamically rhythm, a second 
shock with near equal energy should be delivered. If the first two shocks fail to 

defibrillate the animal, a third shock with increased energy is immediatel y deliv¬ 
ered. When all these attempts fail, the veterinarian should look for confounding 

factors such as inadequate electrode pressure, improper electrode positioning, 
and insufficient electrode-patient interface (i.e., inadequate gel amounts). Defi- 

brillation may a so fail when thoracic impedence is high due to pneumothorax. 
Table 28-2 lists other confounding variables that may interfere with defibrilla- 
tion. Attempts should be made to correct these variables. Epinephrine can be 

used to lower the fibrillation threshold. 
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Body weight 
Metabolic acidosis 

Metabolic alkalosis 
Hypoxia 

Hyper- and hypokalemia 

Hyper* and hypomagnesemia 

Digitalis intoxication 

Antiarrhythmic drugs 
Acute reperfusion injury 
Myocardial ischemia 


No data are available in the veterinary literature for clinical experiences 
with defibrillation. In humans, success rates are high for electrical conversion 
of ventricular dysrhythmias immediately after their onset. In the research dog, 

80% of induced ventricular tachycardia and ventricular fibrillation are converted 

with a single 200-J shock. Cumulative effectiveness is 95% after a second 200' 

J shock, and 99% to 100% after a third 300-J shock. 61 Tie amplitude of the 
fibrillation waveform correlates with the time interval from initial cardiac arrest 
and is a powerful predictor of outcome. 62 Human data indicate a fall oft' in sur' 

vival of 6%/min of untreated ventricular fibrillation, such that no survival would 
be expected after 15 minutes. 65 Only 6% survival is seen in persons with very 
low amplitude ‘fine”) ventricular fibrillation. 
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Open-chest defibrillation involves direct application of the electrodes to 
the epicardium. The electrode paddles should be 6 to 8 cm in diameter, covered 
with saline-soaked gauze. One paddle is applied on the base of the heart overlying 

the right atrium, and the second paddle is placed on the apex of the heart overly¬ 
ing the left ventricle. The electric shock should not be administered in the pres¬ 
ence of any explosive anesthetic agents. The shock ts delivered under the control 

of the veterinarian holding the paddles and should follow the same safety guide¬ 
lines outlined above tor closed-chest defibrillation. Much less energy is required 

for open-chest defibrillation. Shocks varying from 10 to 60 J may be given. Kpi- 

cardial bums may occur and will result in myocardial complications after resusci¬ 
tation. 


Anecdotal reports persist regarding spontaneous defibrillation. These re¬ 
ports most frequently are associated with the cat and small dog. Although it is 

theoretically possible for spontaneous defibrillation to result when a small heart 
is involved, the reason may well be good perfusion of the coronary arteries during 
cardiac compression (internal or external). This peifusion, the smallness of the 
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heart, and the use of myocardial stimulant drugs may he sufficient, in rare circum¬ 
stances, to convert fibrillation into a sinus cardiac rhythm* Spontaneous defibril- 

lation is rare and unpredictable and should play no role in the expectation of 
resuscitation. 


Chemical detihrillating drugs have unproven efficacy in veterinary medi¬ 
cine. Unfortunately, many veterinarians do not have electrical defibrillators and 
thus chemical defibrillating drugs may be their only option. Several drugs are 

mentioned in the literature as useful tor terminating ventricular fibrillation. Al¬ 
though frequently mentioned, acetylcholine with potassium chloride is an un¬ 
likely choice tor defibrillation. 11 is is because of the lack of availability of acetyl¬ 
choline as an injectable pnxluct. No clinical reports of successful chemical 
defibrillation using acetylcholine with potassium chloride are available in the 

clinical veterinary literature. 

Bretylium tosylate (10 mg/kg IV) is labeled for use in ventricular tachycar¬ 
dia and fibrillation. It will decrease the fibrillation threshold, but this must be 

balanced against the apparent loss of hemodynamic recovery following defibril¬ 
lation. Bretylium possesses antiadrenergic and hypotensive actions associated 

with depletion of norepinephrine from peripheral adrenergic nerve endings* 

Thus, annuals treated with bretylium may not be able to recover as well from 

fibrillation-defibrillation episodes because of less effective autonomic reflexes. 64 

Lidocaine has been offered as a possible chemical detihrillating agent in the 
past. Although lidocaine may possess an antifibrillatory effect under experimen¬ 
tal conditions, the clinical relevance of such an effect is questionable. If cardiac 

arrest occurs, lidocaine has limited utility and may he deleterious secondary to 

diminished countershock efficacy or lidocaine-induced asystole. 

Magnesium is the most recently investigated chemical defibrillator drug. 
Hypomagnesemia is commonly seen in sick animals 6 *' and results in ventricular 
dysrhythmias. Most evidence points to a problem with potassium rather than 
magnesium as the cause, but magnesium infusion will occasionally convert ven¬ 
tricular dysrhythmias to normal sinus rhythms. Currently, use of magnesium 

chloride (or sulfate) should he considered in the treatment of refractory ventricu¬ 
lar fibrillation. The dosage used is 1 to 2 g infused IV over 2 minutes. An alterna¬ 
tive dosage is 25 to 40 mg/kg given as an IV bolus. 


65-67 
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The a-adrenergic agonists have the advantage of pe¬ 
ripheral vasoconstriction. This results in an increased diastolic pressure, and thus 
increased coronary blood flow, 65,70,71 and vasoconstriction of the extracerebral 

carotid blood flow resulting in increased intracerebral blood flow Drugs com¬ 
monly used for their fragonist effects include epinephrine, phenylephrine, and 

methoxamine. 

The P-adrenergic agonists increase the vigor of ventricular fibrillation and 
offer a positive inotropic effect on the heart. Disadvantages of these drugs include 
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increased myocardial and cerebral 0 2 demand, increased occurrence of signify 
cant dysrhythmias, and increased heart rates. Drugs used for their ^agonist ef¬ 
fects include epinephrine and isoproterenol. 

A study to determine the relative importance of a- and P-adrenergic recep¬ 
tors during resuscitation demonstrated that a-receptor stimulation with a con¬ 
comitant diastolic pressure elevation is more important to the success of resusci¬ 
tation than p-receptor stimulation.' 1 ■.-gs pretreated with propranolol and then 
given phenylephrine during resuscitation as well as those given no pretreatment 
and then epinephrine during resuscitation experienced a 100% return of sponta¬ 
neous circulation following 5 minutes of asphyxial arrest. However, of those dogs 

pretreated with phenoxybenzamine and then administered isoproterenol, only 
27% were successfully resuscitated. The model demonstrated that the primary 
usefulness of epinephrine in resuscitation was due to its a-adrenergic effects 

rather than its effects as a p-receptor agonist. 


Blood Flow. In 1963, studies demonstrated that 
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Coronary 

early administration of epinephrine during CPR resulted in improved recovery 

rates and postulated that this was due to the increase in aortic diastolic pressure 

and improved myocardial perfusion. 1 Numerous studies in both humans and ani¬ 
mals have confirmed these findings 
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65 , 70 , 7 ! 


Due to its a-adrenergic eff ects, epineph¬ 
rine prod uces an intense vasoconstriction that prevents a significant amount of 
runoff in peripheral arteries, thus preventing arterial collapse and maintaining 
arterial pressure. 71 Epinephrine results in an increase in aortic diastolic pressure 
without an elevation in right atrial pressure. The subsequent increase in coronary 
perfusion pressure may be as high as 25 to 30 mm Hg when epinephrine adminis¬ 
tration is combined with SCV CD 


Cerebral perfusion pressure is also reasonably well preserved by the adminis¬ 
tration of epinephrine during resuscitation. 70 * 72 Cerebral O? delivery can be main¬ 
tained without reaching maximal 0 2 extraction levels, implying that O z delivery 

is above that necessary to maintain aerobic metabolism. 65 Epinephrine improves 
blood flow to the brain y preventing or reversing carotid artery collapse while 

at the same time causing vasoconstriction of the extracerebral carotid vessels, 

thereby resulting in increased cerebral perfusion pressure. 71 Currently, many new 
drugs are being used in rhe treatment« t the postischemic-anoxic encephalt>path 
frequently seen following cardiac arrest. 
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If the beneficial effects of epineph¬ 
rine administration during resuscitation are due to its a-adrenergic effects, then 
the use of pure a-agonists may offer some promise. Numerous studies have been 

performed using various a-agonists at varying dosages to determine their effec¬ 
tiveness relative to that of epinephrine in supporting cerebral and coronary blood 

flow 72 74 78 In several swine models of cardiac arrest, epinephrine produced signifi¬ 
cantly better cerebral blood flow than equipressor doses of either methoxamine 
or phenylephrine 

renergic receptors in the cerebral vasculature. Although a-tone may be required 

to prevent arterial runoff and preserve diastolic pressure, the cerebral microvascu- 
larure is dependent on (i-stimulation for dilation. 72 Therefore, ro allow perfusion 
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This may be explained in part by the distribution of ad 
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at the tissue level, (i-adrenergic stimulation may be necessary. Because both 

methoxamine and phenylephrine lack any significant f3-adrenergic activity, their 
a-adrenergic activity results in cerebral constriction and shunting of blood away 
from the tissue. Another study, also involving the use of a swine model, demon¬ 
strated that epinephrine resulted in better regional myocardial blood flow, in¬ 
creased coronary sinus 0 2 content, and improved 0 2 extraction ratio when com¬ 
pared with phenylephrine. 75 In 102 human patients suffering from prehospital 

cardiac arrest due to ventricular fibrillation, conversion rate (the percentage of 

patients developing a pulse during resuscitation) and successful resuscitation (de¬ 
fined as the conveyance of a patient to the emergency department with a pulse 

and rhythm' were significantly better with epinephrine than with methoxa¬ 
mine. 76 Although there was only a trend toward greater survival to discharge 

(P < 0.07), most investigators agree that epinephrine is the adrenergic drug 

of choice in CPR, with improved cerebral and myocardial blood Hows versus 

pure a-agonists. 


76 


. Until recently, the dosage of epinephrine recommended by the 

American Heart Association during CPR was 0.02 mg/kg, administered IV 

However, use of high-dose epinephrine (0.2 mg/kg) has been shown to improve 

mvocardial and cerebral bio 1 flow, C : extraction, and the success of resuscita¬ 
tion in both human and animals suffering irom cardiac arrest. 

human patients, return of spontaneous circulation occurred in 12% of patients 
given the standard dose of epinephrine versus 36% of patients administered the 
higher dose (P < 0.05). 81 No statistically significant effect on long-term survival 
was seen. 
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Several investigators have questioned the use of high-dose epinephrine, re¬ 
porting potential problems of hyperglycemia, hyperkalemia, cardiac dysrhyth¬ 
mias, and myocardial necrosis. However, administration of high-dose epineph¬ 
rine in swine did not produce increased arrhythmias or cardiovascular instability 

and may have had beneficial effects on mean arterial pressure and cardiac output 
after resuscitation. 82 Likewise, in four human patients in whom administration 
of standard doses of epinephrine had been unsuccessful, high-dose epinephrine 

resulted in the establishment of a perfusing rhythm without any central nervous 
system, myocardial, or metabo ic alterations."' ’Iliese findings would appear to 

support the continued investigation of high-dose epinephrine in the setting of 
cardiac arrest and its use in clinical cases resistant to the lower dosages. 
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Cardiac arrest presenting with pulseless electrical activity (PEA), formerly 
referred to as electromechanical dissociation (EMD), occurs in 9% to 18% of 
prehospital and 67% of ir hospital cardiac arrests in people. 64 ' 86 In dogs and cats, 
PHA. is the most common arrhythmia (22,?%) seen with in-hospital cardiac ar¬ 
rest. 90 The parasympathetic nervous system appears to play a role in the patho¬ 
physiology. 61 In a study of surgical vagotomy and complete loss of vagal tone* in 
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experimentally induced PEA in dogs, 75% had a return to spontaneous circular 
tion. 92 From this study, one can speculate that pharmacologic vagolysis with atro- 

pine would improve circulation in PEA. Unfortunately, a vagolytic dosage of 
atropine has not been identified for the patient in cardiac arrest. At present, we 
use an IV dosage of 0.12 mg/kg (three times the vagolytic dosage listed by the 

American Heart Association). 
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i he use of sodium bicarbonate m CPR has been vigorously debated. Propo- 
nents of bicarbonate administration describe the metabolic acidosis and its dele* 
terious effects commonly seen during cardiac arrest. 65 Recently however, the 
acid-base status of patients in cardiac arrest has been more accurately docu¬ 
mented. 93 A respiratory acidosis exists in the venous circulation due to tissue 
production of CO* and poor delivery of this blood to the alveolar-capillary mem¬ 
brane. Simultaneously, alkalosis is present in the arterial circulation due to the 
high ratio of pulmonary ventilation compared to perfusion associated with the 

low flow rates during CPR. Improving blood flow during CPR and adequately 

ventilating the patient should result in normalization of the patient’s acid-base 

status and thus negate the need for aggressive bicarbonate administration. 

Numerous adverse effects of bicarbonate administration have been docu¬ 
mented, including the production of hypernatremia and hyperosmolality, hypo¬ 
kalemia resulting in increased incidence of arrhythmias, decreased plasma ion¬ 
ized calcium levels, a leftward shift in the oxyhemoglobin dissociation curve 
(with decreased O; delivery to the tissues), and a paradoxical central nervous 
system acidosis. 48,65,94 Many of these deleterious effects are related to the produc¬ 
tion of CO:, following metabolism of exogenous bicarbonate, which diffuses 

more readily across cell membranes and aggravates intracellular acidosis. 

Current recommendations for correction of acid-base abnormalities during 
CPR are conservative with regard to bicarbonate administration. In patients that 
are not acidotic before cardiac arrest, acidosis may be controllable by adequate 
ventilation and cardiac compression. 48,94 The decision to administer bicarbonate 

should ideally be based on the measurement of blood pH and PCO 2 , and repeated 

infusion of bicarbonate in the absence of acidosis is contraindicated. 94 In patients 

wirh pre-existing conditions in which acidosis is common, bicarbonate should 

be administered carefully at a dose (mEq) equal to the base deficit (mEq/L) 
multiplied by the body weight (kg) multiplied by 0.25 (volume of distribution 
in the extracellular space). 94 Administration of additional sodium bicarbonate 

may be harmful when effective spontaneous circulation has been restored. 






It has been well established that conditions that promote metabolism of 

glucose to lactate in ischemic brain tissue result in increased levels of cellular 

damage. 65,95 Preischemic hyperglycemia or administration of glucose during resus¬ 
citation results in increased tissue and plasma glucose levels, providing the sub¬ 
strate for anaerobic glycolysis. During the ischemic episode lactic acid then accu- 
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initiates to toxic levels, resulting in cellular damage and permanent neurologic 

abnormalities. Studies done in adult cats administered 5% dextrose solutions 
during resuscitation demonstrated that neurologic recovery was significantly 

worse in glucose-treated cats and the risk of postischemic brain damage increased 
with increasing blood glucose levels. 96,97 In a retrospective study of human pa¬ 
tients suffering cardiac arrest, poorer neurologic outcome was reported in patients 

with a high blood glucose level at the time of hospital admission. 96 A canine 

lei of cardiac arrest failed to demonstrate any significant difference in neuro¬ 
logic score between glucose and nonglucose treated dogs. 9 * However, in all ani¬ 
mals surviving more than 2 hours, the initial glucose level was significantly lower 

than in animals that died, indicating that prearrest glucose levels may be a pre¬ 
dictor of mortality in cardiac arrest. 1 hese studies provide the rationale of 

avoiding the administration of glucose during CPR unless hypoglycemia is sug¬ 
gested or present. 






The routine use of calcium in cases of cardiac arrest has recently fallen into 
disfavor. Calcium entry into cells has been implicated as the trigger for a multi¬ 
tude ot cellular reactions that may lead to cell death, including vasospasm, mito¬ 
chondrial uncoupling, membrane degeneration, and the production of cytotoxic 

compounds. 

accumulation with the subsequent production of tree fatty acids (FFA). These 

FFA act as detergents and disrupt cell phospholipid membrane integrity. The 
production of endoperoxides and leukotrienes contributes to the formation of 
CVderived free radicals that further the degree of cellular damage. Postischemic 
myocardial contractile dysfunction (“stunned myocardium”) and neuronal death 
have both been attributed to the accumulation of intracellular calcium during 

the ischemic episode. 94 The use of calcium during CPR can only he recom¬ 
mended in cases of known hypocalcemia or in cases of cardiac arrest complicated 

by hyperkalemia, hypermagnesemia, and calcium channel blocker overdose. 65,99 
Close electrocardiographic monitoring of the patient must occur during calcium 
administration. 

Because of the deleterious effects of intracellular calcium accumulation dur¬ 
ing ischemia, much effort has been directed toward the use of calcium channel 
blocking agents in the prevention of these postischemic problems. Administra¬ 
tion of calcium antagonist drugs at the onset of severe myocardial ischemia has 
been shown to he followed by an increase in blood flow to the ischemic areas 
with a decrease in the area of myocardial damage.* 04 Calcium channel blockers 

protect both the performance and the cellular and subcellular structure of the 

myocardium subjected to ischemia during hypothermic cardiopulmonary by¬ 
pass. 65,104 1 he increase in diastolic resting tension that normal 1\ follows reperfii- 
sion can be avoided with the ad ministration of calcium blocking drugs. 97 Calcium 
channel blockers also raise the threshold of the ischemic myocardium to ventric¬ 
ular fibrillation. 65,99,104 This antifibrillatory action is thought to be due to, at least 

in part, the antagonism of enhanced adrenergic input to the heart that follows 
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Activation of phospholipase Aj results in arachidonic acid 
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myocardial ischemia. 104 Several of the newer calcium channel blockers such as 

lidoflazine and nimodipine have resulted in improved neurologic recovery after 

cardiac arrest in both dogs and baboons when administered immediately follow¬ 
ing the return of spontaneous circulation. 
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For years, one of the mainstays of advanced life support l as been the aggres¬ 
sive administration of shock doses of IV fluids. The administration of IV fluids 
has resulted in an increased carotid blood flow and, in some cases, the arterial 
pressure generated by external chest compression. It seems only reasonable that 
volume expansion should increase forward blood flow and therefore improve the 

success of resuscitation. However, more recently this theory has come into ques¬ 
tion because it has been documented that there is a positive correlation between 

coronary perfusion pressure and success of resuscitation. 105,106 The major determi- 
nant for myocardial bio. o flow is coronary perfusion pressure , define ) as the aortic 

diastolic pressure minus the right atrial diastolic pressure. 106 To increase coronary 

perfusion pressure, the gradient between these two diastolic pressures must in¬ 
crease, with either an increase in aortic pressure or decrease in right atrial pres¬ 
sure. An investigation into the potential adverse effects * f volume loading during 

CC CPR in dogs demonstrated that the administration of 1 liter of either 0.9% 

saline or 10% dextran as rapidly as possible in dogs weighing 20 to 50 kg resulted 

in a significant increase in total forward blood flow. 107 However, blood flow to 
the cerebral hemispheres, cerebellum, brainstem, and ventricular myocardium 
.ill decreased significantly. T1 ese changes in critical regional flow were accompa¬ 
nied by disproportionate increases in right atrial and intracranial pressures (rela¬ 
tive to aortic pressure), which reduced the average pressure gradient across the 

coronary and cerebral circulations. These changes were thought to be somewhat 
influenced by a spontaneous fall in systemic vascular resistance. It is possible 
that volume expansion would have different effects on regional blood flow during 

CPR if vascular resistance was pharmacologically supported. In the face of these 
tindings conservative fluid administration during CPR should be the norm, unless 

volume depletion is a contributing cause to the cardiac arrest. 
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Hypomagnesemia is reported with refractory cardiac arrhythmias, often po¬ 
tentially lethal when in combination with digitalis toxicity. 108110 Several reports 

have shown a possible antiarrhythmic role for therapeutic magnesium even when 
serum magnesium is normal in the patient with digitalis toxicity, 110,111 ventricular 
tachycardia, 112 and torsades de pointes. 1,UM In human cardiac arrest victims, all 
patients with hypomagnesemia and hypermagnesemia died, whereas normomag- 
nesemia was positively correlated with successful resuscitation, 115 In experimental 
studies with dogs, magnesium administered before electrical countershock re¬ 
sulted in significantly higher return of spontaneous circulation. 

Brain injury during and after ischemia is thought to be the result of two 
phenomena: decreased cerebral blood flow secondary to vasospasm and release 
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of toxic substances within neuronal cells, 1 : Hiring ischemia, the sodium—potas¬ 
sium pump fails, causing efflux of potassium and intracellular accumulation of 
sodium and calcium. This may cause vasospasm, uncoupling of oxidative phos¬ 
phorylation, and generation of superoxide radicals and other substances toxic to 
the brain tissue. 

Magnesium is a physiologic calcium antagonist and may block calcium chan- 
nels in brain tissue a id prevent subsequent vasospasm and generation of toxic 

intracellular mediators. Magnesium may block continued calcium leakage into the 

cell that occurs during reperfusion or magnesium may interfere with calcium-medi¬ 
ated reactions that occur during reperfusion. 118 These mechanisms may explain 

published reports describing magnesium as a chemical defibrillator 
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Recurrence of either respiratory or cardiopulmonary arrest is the biggest concern 
following resuscitation. 119 In most cases the recurrence of arrest will occur within 
the first 4 hours of the first episode. 

After arrest, cerebral resuscitation becomes the next most important com¬ 
plication. Due to the low flow state to the brain during CPR, ischemia and 

hypoxia will lead to cerebral edema. As the heart begins to reperfuse tissues, 

significant injury products may be released to the systemic circulation. 

In normal brain, autoregulation will maintain a global cerebral brain flow 

of about 50 mL/100 g brain per minute, despite cerebral perfusion pressures (i.e 

mean arterial pressure minus intracranial pressure) between 50 and 150 mm Hg. 
When cerebral perfusion pressure drops below 50 mm Hg, cerebral blood flow 
decreases and the viability of normal neurons seems threatened by cerebral perfu¬ 
sion pressure less than 30 mm Hg, global cerebral blood flow less than 15 mL/ 
100 g/min, or cerebra venous FO : of less than 20 mm Hg 

During complete cerebral ischemia, calcium shifts, brain tissue lactic acido¬ 
sis, and increases in the brain free acids, osmolality and extracellular concentra¬ 
tion of excitatory ammo acids (particularly glutamate and aspartate) set the stage 
for reoxygenation injury . 110 Postresuscitation cerebral injury appears to consist of 
four components: (1) perfusion failure (i.e., inadequate Oj delivery), (2) reoxy¬ 
genation chemical cascades to cerebral necrosis, (3) extracerebral derangements, 

including intoxication from postanoxic viscera, and (4) blood derangements due 
to stasis. 1:1 

Perfusion failure seems to progress through four stages 
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Multifocal no reflow occurs immediately and seems to be readily overcome 
by normotensive or hypertensive reperfusion. 

2, Transient global “reactive” hyperemia that lasts 15 to J minutes. 

3. Delayed, prolonged global and multifocal hypoperfusion event from about 

2 to 12 hours after arrest; global cerebral blood flow is reduced to about 50% 

of baseline, whereas global O; uptake returns to or above baseline levels and 
cerebral venous PO? decreases to less than 20 mm Hg, reflecting mis¬ 
matching of 0 : deliverv to O 2 uptake. 
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4- After 20 hours, either normal global cerebral bl< hJ flow and global 0 : uptake 

is restored or both remain low (with coma ), or t iere is a secondary hyperemia, 
postulated to be associated with reduced O 2 uptake, followed by brain death. 
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Reoxygenation, though essential, also might provoke chemical cascades (in¬ 
volving free iron, free radical, calcium shifts, acidosis, excitatory amino acids, and 
catecholamines) that result in lipid peroxidation of membranes. Extracerebral 

derangements can worsen cerebral outcome. Studies in dogs have shown a de¬ 
layed reduction in cardiac output after cardiac arrest despite controlled normo- 

tension. Pulmonary edema can be prevented by prolonged controlled ventilation. 

blood derangements include aggregates of polymorphonuclear leukocytes and 

macrophages that might obstruct capillaries, release free radicals, and damage 

endothelium. 110 

Careful monitoring is most important during the first 4 hours after arrest. All 
patients require O 2 administered via an O 2 cage, nasal insufflation, or facemask. If 

CPR is successful, one needs to support the heart during the postresuscitation 
phase. This support is directed to inotropic support (debutamine or dopamine), 
possibly using vasodilator and vasopressor drugs (sodium nitroprusside) and anti- 
arrhythmic drugs (lidocaine). These drugs will be useful in reducing the pulmo¬ 
nary edema usually seen after arrest. Additionally, furosemide is usually adminis¬ 
tered to further reduce pulmonary edema. 

Cerebral hypoxia and ischemia result during CPR. The end result is cerebral 

edema. Treatment for cerebral edema includes mannitol and furosemide. Corti¬ 
costeroids have not been effective in reducing cerebral edema and are not cur¬ 
rently recommended. Additional drugs that may be tried to improve cerebral 

resuscitation are listed in Table 28-3. 

One should always be concerned about irreversible cerebral injury after ar¬ 
rest. Daily neurologic evaluations and assessment are required. Record your find¬ 
ings each day to note the progress of your patient. Clinical features to observe 
following arrest include: reactivity of the pupils, increased responsiveness, 

breathing patterns, motor responses, and motor pastures. 

No studies are currently available in animals but studies in humans indicate 
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that certain groups of patients do not survive. Such patients include those with 

oliguria, metastatic cancer, sepsis, pneumonia, and acute stroke.' 22 Very likely 

animals with these conditions also will not survive. 

1 onot-resuscitate (DNR) orders must be initiated h\ ti c pci owner. Good 
client communications will be useful anytime an animal is hospitalized. It is wise 
to advise owners that arrest occurs suddenly and unexpectedly. Ask the owner 
“how far should we go if the pet arrests.” Record the response and abide by the 
owner’s wishes. A simple coding system can be used to identify DNR animals. 
A bright yellow, blank sign hung on the cage door works effectively to identify 

the owner’s wishes. 


The decision to stop CPR must be tempered with common sense 


client 

communication, and experience of the resuscitators, Our experience suggests 

that the mean duration of CPR is generally about 20 minutes. 


A iter more than 30 years of widespread use of CPR, the re-evaluation of its 

benefits in terms of survival and the quality of life shows it to be a desperate 

: or sure, early 


effort that will Help only a limited number of patients, 
electrical countershock has proven a lifesaving effect in ACLS. I2S None of the 

other therapeutic interventions currently supplemented by ACLS providers in 

human medicine has any proven efficacy over basic life-support skills of early 
basic CPR. I2S For most, CPR is unsuccessful. 
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The mammalian cardiovascular system is small relative to body weight, with 

sharp response to stresses placed on the patient. This appears to be well suited 
tor daily needs and conservation of energy expenditure, but it is not robust during 
periods of supraphysiologic demand that may be required in response to acute 

blood loss or hypovolemia. When cardiovascular reserve capacity cannot meet 

the body's demands, failure of the hemodynamic system occurs and places the 
patient at exceptional risk. Decreased circulating blood volume adversely affects 
hemodynamic performance, producing reduced tissue perfusion and oxygen (O;) 
delivery. Decreased tissue 0 2 delivery and metabolic waste removal has profound 

systemic effects that occur in a relatively short time. Rapid recognition and inter¬ 
vention are required to prevent serious patient risk and adverse outcome. This 
chapter reviews key concepts and therapy in patients demonstrating hemorrhage 
or hypovolemia. 

A discussion of body water distribution and physiologic response to blood 
loss is found in Chapter 13. 
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Tissue 0 2 delivery must be balanced with tissue 0 2 demand at any moment in 
time. Under normal conditions, tissue O 2 consumption is constant; a robust O 2 

is available on the hemoglobin molecule to meet moment-to-moment 


reserve 

changes in tissue 0 2 demand. Tissue O; delivery is predominantly influenced by 
cardiac output and arterial G 2 content. In hemorrhage or hypovolemia, a critic,f 
imbalance in 0 2 supply and demand occurs. Biologic safeguards have evolved 

in an attempt to protect 0 2 delivery as a core physiologic goal. In severe cases, 
protective mechanisms are inadequate to protect 0 2 delivery triggering 
quence of events designed to preserve key functions at the expense of global 

homeostasis. 


sc 




The sequence of "protective" actions begins when regional blood flow and 
0 2 delivery are mismatched and do not meet the immediate metabolic needs of 
the tissues. This imbalance in 0 2 demand and supply is initially addressed by 
increased 0 2 extraction of blood at the expense of maintaining systemic 0 2 re- 
serves. Imbalance in suppl and demand is tolerated for short times because in¬ 
creased 0 2 extraction can meet tissue 0 2 demands for a brief period. The 0 2 
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Basic cycle of shock. 


debt is repaid and homeostasis is restored if perfusion supply and 0 2 delivei v arc- 
stabilized by compensatory mechanisms or therapeutic intervention. If stabiliza- 

tion does not occur, 0 2 demand continues to exceed supply, overwhelming com* 

pensatory mechanisms and producing physiologic activation of the shock cycle 

(Fig. 29-1). 

Hemorrhage or hypovolemia results in decreased circulating fluid volume 
producing decreased blood pressure parameters. Specialized stretch receptors lo¬ 
cated in the aorta and carotid bodies detect a fall in blood pressure evoking a 
ncurohumoral resp< 'iise mediated by the vasomotor center of the medulla oblon¬ 
gata. This response integrates autonomic activation characterized by increased 

sympathetic nervous system activity and humoral release from the adrenal me¬ 
dulla of epinephrine and norepinephrine. The composite physiologic response 
is vasoconstriction, increased heart rate, and increased myocardial contractility. 
Thus primary response is augmented by extrinsic responses including activation 
of the renin-angiotensin-aldosterone axis, release of antidiuretic hormone from 


Copyrighted materia! 



Hemorrhage and Hypovolemia I Chapter 29 

the posterior pituitary, and release ot adrenocorticotropic hormone. These re¬ 
sponses increase fluid conservation to stabilize circulatory volume and optimize 

metabolism by recruiting additional energy substrates. Regional autoregulation 
preserves perfusion to key body organs including the heart, brain, and kidney 

at the expense ot the liver, gastrointestinal tract, and muscle. Capillary blood 

flow is regionally affected by activation of pre- and postcapillary sphincters 
diverting blood from regional tissue networks. This is a key step in progression 
of the shock syndrome. Reduced capillary blood flow and Q : delivery produces 
a mismatch in oxygen supply/demand and triggers a change to anaerobic meta 
lism at the cellular level. The mismatch is defined as shock. Capillary sphincter 
reactivity is altered producing precapillary sphincter dilatation and "pooling” of 
blood in microcirculation. Increased hydrostatic pressure produces fluid translo¬ 
cation to the interstitium further reducing circulating fluid volume. 

Cell membrane integrity is compromised producing release of intracellular 
neuropeptides and inflammatory mediators including tumor necrosis factor, in¬ 
terleukin-1, inrerleukin-6, platelet-activating factor, and nitric oxide. These 

constituents, when introduced into the systemic circulation, evoke inflamma¬ 
tion, further amplifying the sfuxzk syndrome. There does not appear to be a 

predictable time sequence during the initial phase of hypovolemia or hemorrhage 

that initiates release of these mediators. 

Shock syndrome is subcategorized into three distinct stages. The compensa¬ 
tory stage is when endogenous response is adequate to stabilize the patient with¬ 
out further intervention. Early deampematory stage is when compensatory mech¬ 
anisms are inadequate to stabilize the patient. Maldistribution of blood flow and 

initiation of anaerobic metabolism occur, producing the classic signs of shock 
syndrome. This stage is amenable to intervention and resuscitation. Terminal 
de compensatory phase is when prolonged tissue hypoxia produces autoregulatory 

escape and hemodynamic collapse. Sympathetic and neurohumoral response is 

exhausted, producing a patient that is unresponsive to resuscitation measures. 






Shock is a symptomatic syndrome that is diagnosed by recognizing clinical signs 
reflecting regional perfusion maldistribution. The magnitude and intensity of 
clinical signs reflect the degree of effective blood volume loss present in an indi¬ 
vidual patient. Mild to moderate blood loss produces minimal clinical signs re¬ 
flected as elevated heart rate, increased blood pressure, increased respiratory rare, 

and normal to intense mucous membrane color. These patients are difficult to 

distinguish from the normal patient due to normal mentation and activity level. 

Indication of ongoing shock response may be gained by eliciting a history that 

includes a known insult that triggers the shock syndrome. 

Early shock is characterized elevated heart rate, increased respiratory rate, 

altered mentation, subnormal or increased body temperature, diminished mucous 

membrane color intensity, increased capillary refill time, and coolness of extremi¬ 
ties. Blood pressure may he either elevated or decreased based on magnitude of 

circulating fluid volume loss. Oliguria or anuria may be noted. 
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Termiruil sh- \ > is c raracterized by tow heart rate, decreased hl<M*d pressure 
and ca Jiac output, prolonged capillar ' refill time, pale or cyanotic mucous mem¬ 
brane color, decreased core body temperature, depressed mentation, cold distal 

extremities, and anuria. 
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No si^ecific diagnostic tests are available to confirm the diagnosis of shock. Early 

measurement of key parameters is helpful to create a database tor later compari¬ 
son. Parameters that are useful in documenting initial patient status and are 
helpful for monitoring purposes are listed in the section on patient monitoring. 
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Immediate resuscitation is indicated in cases demonstrating clinical signs of 
shock, ( 'ore therapeutic intervention includes support of hemodynamic function 

with fluid administration, 0> support, and additional measures directed at under¬ 
lying cause of shock. T lie universal goal of resuscitation is to maintain 0 2 uptake 

and delivery to vital organs thereby sustaining aerobic metabolism. Therefore, 
the first priority in resuscitation therapy is to preserve bit J flow (cardiac output 1 

while correcting erythrocyte deficits. This strategy is one on which fluid resuscita¬ 
tion has 1 -en based for the past three decades. 
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All resuscitation strategies are based on improving 0 2 transport and delivery 
to tissues. One of the primary ways to improve O 2 delivery is to increase O z 
uptake at the lung. Increasing inspired O; concentration will, in most cases, meet 
this goal. Techniques for providing 0 2 support are reviewed in Chapter 12. 
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Mortality in hypovolemic shock is directly related to duration of the isch¬ 
emic insult. Early replacement of circulating volume deficits is the key to success¬ 
ful patient management. The ability to infuse fluids rapidly to the central vascu¬ 
lar compartment is critical. Several key decisions are made at the initiation of 
therapy, which dictates how therapy is administered. 








ri 




Studies have shown that central vein access is not critical for resuscitation. 
Vascular catheter dimensions, not vein size, determine the rate of fluid adminis¬ 
tration (Figure 29-2). Short catheters permit a higher fluid flow; therefore, they 
are preferred in resuscitation protocols. This is not a trivial issue; several studies 
comparing catheter diameter and length have reported significant differences in 
maximum fluid flow rates based on catheter diameter and length. The Hagan- 
Pouiselle equation indicates that flow rate is logarithmically proportional to cath¬ 
eter lumen diameter. Large-diameter catheters have a significantly higher maxi- 
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Figure 29-2 

Relationship of catheter diameter and length to maximum flow rate (mL/min). 

(Adapted from Marino PL' The iCU Book. Lippincott Williams & Wilkins, 1998.) 


mum flow rate; therefore, they should he selected for shock resuscitation. The 
general rule in resuscitation is bigger is better* Central vein catheterization 
requires catheters that are a minimum of 4 inches in length; peripheral veins 

may he catheterized with 2-inch catheters. Due to factors associated with the 
Hagan-Pouiselle equation, changes in catheter length have a linear effect on 

flow rates. A 4-inch catheter will have a maximum flow rate that is only one 
half that of a 2-inch catheter. Because central catheters are two to four times 


the length of peripheral catheters, flow rates may be reduced by as much as 75% 
compared to peripheral placement sites. 

A minimum of two catheters should be placet! tor panent resuscitation. 

Multiple catheters permit higher resuscitation flow rates and provide an addi 

tional site for resuscitation drug administration. Multiline manifold systems are 
not useful in resuscitation. 1 icy do not permit higher flow rates because the 

limitation to higher fluid flow rate is the catheter lumen diameter. 

High-volume rapid resuscitation may be facilitated by use of catheter intro 
ducers. These are short -length devices with large lumen diameter (>5 F) that 
are used tor introduction of endovascular catheters such as a pulmonary artery 

or Swan-Gam catheter. These devices require prcplaccment of a guidewire (Sel 
dinger technique), which acts to ensure intravascular placement. Maximum flow 

rates are significantly higher with these devices. Fluid viscosity also plays a role 
in maximum fluid flow rate. Cellular fluids including bK>od and packed red blood 
cells (RBCs) will have a lower maximum flow rate compared to acellular fluids. 

Protein-based bl< 


derivatives (fresh-frozen plasma) have an equivalent maxi 

mum flow rate to saline-based fluid solutions. 


i 
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Whether to use crystalloids or colloids as resuscitation tluids is more than a 

topic ot discussion, it is a passionately fought controversy! The controversy centers 

on the safest and most effective means to achieve the proper plasma volume to 
maintain total 


y perfusion. A wide variety of human patients have been studied 
in comparative trials ranging from young trauma to older critically ill patients with 
variable underlying diseases and conditions. Many of these studies in critically ill 

patients have presented considerable bias. 1 Most of the studies are characterized 
by a lack of homogeneity of their patient population and study designs, end-points, 
and measured variables. When discussing the use of these two fluid types, one 
should consider the expense, hemodynamic effects, risks, and outcome. 

A review of eight randomized clinical trials comparing the effects of colloid 
versus crystalloid solutions on survival showed a 5.7% relative difference in mor- 
tality in favor of crystalloid therapy. 2 However, in trauma patients, a 12.3% dif¬ 
ference in mortality rate was found in favor of crystalloids, and a 7.8% difference 

in favor of colloids in mortality rate in nontrauma patients. The confidence 

intervals for these studies were large and one must question whether the studies 

were appropriately assigned to trauma or nontrauma groups. 3 

In an analysis of these trials the pooled data demonstrated a 13.4% mortality 
rate humans treated with crystalloids and a 21.25% mortality rate for those 

treated with colloids (not statistically significant at a P 
same study, when the trials were subdivided into the apparent severity of the 

underlying processes, again no statistically significant difference was noted be¬ 
tween the two treatment groups, although there was a tendency to a higher 

mortality in patients with more severe illness treated with colloids.'* 

Colloids are more expensive than crystalloids (Table 29-1). With colloids 
costing anywhere from 20 to 60 times that of crystalloids, this is an important 
part of the decision for the veterinarian contemplating their use. Users of colloids 

suggest the cost per patient more than justifies this expense. As in all controv er¬ 
sies, the use of these fluids should be based on the intended goals. 

The object of resuscitation in hypovolemia is to maintain perfusion to vital 
organs and to increase oxygen transport, as well as other viral substances. With 
all IV tluids there is some loss of fluids and solute from the intravascular space 
into the interstitial space, which subsequently has to be cleared by lymphatic 
drainage. Furthermore, there is a solute load with potential adverse effects, which 
must he cleared. To avoid fluid overload and its sequelae, fluid replacement in 
shock requires careful monitoring. Careful selection and administration of an 
appropriate fluid are essential. Resuscitation must be tailored to the current and 
pre-existing disease conditions of the animal. 

There are several points of agreement for initial management of hemmor- 

hagic shock: 


0.01 level)/ In this 


Most resuscitation protocols are based on use of an asanguineous fluid. 
Asanguineous fluids are preferred for initial resuscitation unless massive 
bleeding is present. 


1 . 


2 . 
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3. Saline-based fluids have a short intravascular retention time and must be 

supplemented ro sustain their initial resuscitation effect. 


Asanguineous fluids include isotonic saline and derivatives, colloids, and 
hy;>ertonic saline. 


Crystalloid fluids are mixtures of sodium chloride (NaCl) and 
other physiologically active solutes. They are generally isotonic with plasma and 
have sodium as their major osmotically active particle. The distribution of so¬ 
dium determines the distribution of infused crystalloid fluids. Sodium is the major 
solute in the extracellular space and 75% of the extracellular space is extravascu- 
lar. Therefore, infused sodium will reside primarily outside the vascular compart¬ 
ment . 








I )uring phase I hemorrhage there is an interstitial fluid deficit that must be 

replaced during early fluid therapy. In fact, the goal of fluid therapy for mild 
hemorrhage is to fill the interstitial space, not the vascular space. This is the 

rationale for using crystalloid (sodium-containing) fluids for the resuscitation of 
mild hemorrhage. Sodium-containing fluids are well suited for the replacement 
of ECF losses (dehydration) and for replacement of blood volume. Their use is 

directed to replacement of the interstitial fluid deficits seen in hemorrhage. The 

significance of this deficit has been questioned. Nevertheless, crystalloid solu¬ 
tions have been effective in the resuscitation of animals with acute hemorrhage 
and they continue to be popular resuscitation fluids for trauma victims. 

Isotonic saline and its derivatives (lactated Ringer’s, Plasmalyte 148, Nor- 
mosol R) me classically used in shock resuscitation. They meet many of the 
criteria described for resuscitation fluids including ready availability, option for 
high flow rate delivery due to low viscosity, and cost effectiveness. Resuscitation 

administration rates are reported to be 90 mL/kg/h for dogs and 55 mL/kg/h 

for cats. In clinical shock, the first hour dose may be “front-end loaded” and 
administered in as short as a 15-minute period. High flow rates may be achieved 
by use of large-bore catheter systems, pressurized fluid delivery systems, and mul¬ 
tiple catheters. 

Several concerns have been documented following saline-based fluid resus¬ 
citation. Crystalloids have been shown to quickly redistribute to extravascular 

spaces. Approximately 70% to 75% of administered isotonic crystalloids move 
to the interstitial space within 1 hour after administration. This is acceptable 

in cases with pre-existing dehvdration contributing to hypovolemia but does not 
maintain vascular repletion achieved by initial infusion. When blood volume 
loss exceeds 15%, intravascular volume is not adequately supported due to trans- 

compartmental fluid redistribution following administration. Hyperchloremic 
metabolic acidosis has been noted after administration of large volumes of nor¬ 
mal saline. Certain buffers, notably acetate, may cause hypotension following 

high flow rate administration. Caution must be exercised in cases with pre-ex¬ 
isting heart disease or low plasma protein levels. These cases will deteriorate 
with aggressive fluid administration due to underlying disease pathophysiology. 
If initial patient parameters indicate packed cell volume (PCV) less than 22% 
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or total protein (TP) less than 3.5 g/dL, blood products should be the primary 
resuscitation rluid. 




i. 




Hypertonic saline produces rapid hemodynamic im¬ 
provement following acute administration. Acute shock due to blood loss is a 
primary indication for hypertonic saline therapy. Several reports indicate that 

hemodynamic indices were better restored following this resuscitation strategy 
compared to isotonic fluid administration. The response appears to be enhanced 
by coadministration of a colloid solution. 

The dose of hypertonic (5%-7%) saline is 4 mL/kg over 5 minutes as a 
one-time bolus (Table 29-1). The physiologic response that hypertonic saline 

produces appears to he a composite of effects. Plasma volume expansion is re¬ 
ported to occur following hypertonic saline administration. Studies in hemor¬ 
rhage models indicate that a single hypertonic saline dose produces an equivalent 

resuscitation end point to four times the volume in isotonic saline. It is hypo¬ 
thesized that blood volume expansion occurs by recruiting water from RBCs 
and tissue spaces. Coupled with this information are reports that pulmonary 

vagal reflexes are activated to produce plasma volume expansion, increased 
cardiac output, and increased mean arterial pressure. These responses produce 
improved hemodynamic indices and tissue Oj delivery with smaller resuscita¬ 
tion volumes. Hypertonic saline also has immunomodulatory effects that may 
protect organs from oxidative injury. Enhanced cell-mediated immune func¬ 
tion was also noted. This observation support reports of reduced pulmonary 
pathology and cerebral edema in shock patients managed with hypertonic 

saline. 
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Colloids are large-molecular-weight substances that do not readily 
pass across capillary walls. The colloid particles retained in the vascular space 
exert an osmotic force that maintains transcompartmental water balance and 

keeps fluid in the blood vessels. Because colloids are more effective than crys¬ 
talloids in increasing vascular volume, colloid resuscitation should be more useful 
with severe bleeding. The most commonly used colloid solutions are listed in 

Table 29-2. 

Both naturally occurring and synthetic colloids are commercially available. 

All colloids have clinical efficacy in shock management. Plasma substitutes such 

as dextran and hetastarch, with larger molecules than crystalloid or electrolytes 
solutions, are claimed to remain in the intravascular space longer and preserve 

higher levels of intravascular water. Such claims assert that colloids maintain 

blood volume longer than non protein solutions. Other clinicians strongly sup¬ 
port the contention that crystalloids have an equal capability of raising intravas¬ 
cular volume, remain in the intravascular space long enough to be of practical 
value, and have other distinct advantages over colloids. I hese claims have led 
to a long-standing controversy over the relative merits of crystalloids versus col¬ 
loids. This conflict has not been resolved over the last 20 years despite the work 
of many researchers. 
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Adding to the confusion, hypertonic and hyperoncotic solutions have been 

investigated for use as volume expanders (7.5% NaCl, 6% Dextran, and simi¬ 
lar formulations). Relatively small volumes of these formulations dramatically 

expand intravascular volume with minimal complications. 6 However, little is 

known about the long-term etfects of massive fluid shifts from compartment to 
compartment in critically ill patients on life-support systems and win multiple 
cardiotropic IV medications. In general, colloids are considered during the initial 

resuscitation period or when TP is less than 3.5 g/dL or albumin less than 1.5 

g/dL. 


Plasma protein (albumin) transfusion is used in cases in which low plasma 
protein concentration is due to acute loss or heme dilution.. Albumin accounts 

for approximately 80% of intravascular colloid oncotic pressure under normal 
conditions. Approximately 40% of albumin is in the intravascular space; 60% 
is proportionately distributed between the interstitial and intracellular spaces. 

Interstitial albumin is continuously returned to systemic circulation by lymphatic 
drainage. Approximately 10% of interstitial albumin remains tissue bound and 
unavailable for mobilization. In humans, each gram of albumin is responsible for 

retaining 25 ml fluid: in the compartments! fluid space. In acute volume oss, 
albumin is translocated to the vascular space. Serum levels will be maintained 
at the expense of interstitial stores. Albumin has several functions unrelated to 

its colloidal properties. It contributes to transport medium for drugs, hormones, 
metals, and enzymes. It may also act as a free radical scavenger and binds in¬ 
flammatory mediators, reducing their activity. It is also protective against edema 
formation in “leaky” capillary syndrome associated with inflammatory diseases. 

Plasma is administered at a dose of 10 mL/kg over a 3- to 6-hour period. 
Peak oncotic action occurs within 30 to 60 minutes following administration 
due to translocation of interstitial fluid into the intravascular space. In severe 
dehydration, supplemental crystalloid invasion is indicated to prevent intravascu¬ 
lar hyperoncotic syndrome. The intra-vascular half-life of albumin is approxi¬ 
mately 16 days. 

Several complications have been associated with albumin administration. 
Pulmonary edema has been reported; however, studies refute this claim. Hypocal¬ 
cemia has been reported following administration. This may be a reflection of 
several factors including properties of the administered anticoagulant and total 
volume of albumin infused. Allergic reactions characterized by hypotension and 
prekallkrein activation occur; however, the incidence is low in several reports. 

are mixtures of glucose polymers of various sizes and molecular 
weights that are produced by the bacterium 1 euconostoc me sentet 'ides or lactoba- 

cillus grown on a sucrose medium, i he molecular weight of the pol ymer varies 
according to growth characteristics and production purification. Currently, dex- 

rran 70 is commercially available. Dextran 70 has an average molecular weight 

of 70,000 with a range of 25,000 to 125,000. It is available as a 6% solution in 

normal saline. The dose of dextran 70 is 10 to 20 mL/kg/24 h. Up to 15 ml/ 

kg can be given in the first hour for shock management. 
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Infusion of dextran 70 produces plasma volume expansion and improved 
hemodynamic performance. Part of the improved performance is a result of im- 
proved microcirculatory blood flow. Rheologic effects of dextran include de- 

creased interaction between the endothelium and cellular elements of the blood, 
reduced viscosity, decreased RBC aggregation and rigidity, and decreased platelet 
adhesiveness. Three hours after infusion of dextran 70, about 70% of the admin¬ 
istered dose is present in the vascular space. Approximately one third is present 

at 24 hours after infusion. Small dextran molecules are directly filtered in the 

kidney. Larger molecules are stored in hepatocytes and reticuloendothelial cells 
until metabolized into carbon dioxide and water. 


Anaphylactoid reactions have been reported in humans and sporadically 
noted in dogs. The reason for the anaphylactoid reaction is dextran-producing 

bacteria in the gastrointestinal tract. Severe reactions can occur; however, the 

incidence is reported to be 0.03% of the human population. A dose-related pri- 
man hemostatic defect has been noted following dextran administration. The 
defect is multifactorial but is primarily associated with reduced platelet adhesion 

and aggregation mediated with factor VIII (von Willebrand) activity. Dextran 

also lowers clotting factor activity secondary to hemodilution, coats blood vessel 

walls and cellular elements, and impair elasticity and tensile strength of fibrin 

clots. Bleeding may occur more readily in patients known to have coagulation 
abnormalities. To minimize this risk, an administration ceiling of 20 mL/kg/d 

is recommended. Interference with measuring serum glucose by certain assays as 

well as interference with crossmatching blood may be noted. 

Hydroxyethyl starch 


is a m lifted amvlopectin mole¬ 
cule. HES, like the dextrans, is a mixture of molecular weights ranging from 

10,000 to 1 million with a mean molecular weight of 69,000 D. The oncotic 

pressure of the solution is 32 mm Hg and it has an osmolality of 310 mOsm/L 
when compounded as a 6% solution in normal saline. The pharmacokinetics of 

HES are a 50% retention time in the vascular space 48 hours after administration 
and 33% of the administered dose is still present in the intravascular space 8 days 
after administration. Small-molecular-weight units less than 50,000 are renally 

filtered; larger weight units are entrapped in the liver, spleen, and reticuloendo¬ 
thelial system and metabolized with time to glucose. HES has been shown to 

be an effective volume expander in numerous studies. Intravascular volume is 
greater than infused volume within $ hours following administration and may 

persist as long as 24-36 hours. Studies in humans indicate an equivalent response 
following HES administration to that documented with plasma protein fraction. 

The HES dose is 10 to 30 mL/kg/24 h. Up to 15 mL/kg can be given in the 

first hour for shock management. 

Complications reported following HES administration include an increased 

incidence of bleeding tendencies. Studies in humans indicate a HES related dilu¬ 
tion of plasma fibrinogen and antithrombin 111 levels. Increased partial thrombo¬ 
plastin times and decreased factor VIII activity are noted. A case report of a 

subclinical von Willdebrand carrier demonstrating increased bleeding tendencies 

has been reported. Serum amylase levels have been shown to transiently increase 
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following HES administration in humans. A low incidence of anaphylactoid 
reaction (0.0B >% following HES has been reported. 

Hemoglobin abased O i carriers (HBOCs) have been studied as a replace^ 

meat for A1>C therapy. Most current generation products are polymerized on a 

carrier molecule that has intrinsic colloid effect. This property, in association 
with the demonstrated CVcarrying ability of these products, makes them attrac¬ 
tive as resuscitation fluids. Currently, polymerized bovine hemoglobin (Oxy¬ 
globin) is available on the veterinary market. It combines qualities of colloid 

effect and CVcarrying ability noted for this product group. It is currently ap¬ 
proved for use in severe anemia; it has also been evaluated for shock resuscitation 

with mixed results. The dose schedule for Oxyglobin is 5 to 15 mL/kg in dogs 

and 5-10 mL/kg in cats. 

Side effects with administration may include mucous membrane, scleral, 
and urine discoloration, mild gastrointestinal effects including nausea, vomiting, 
and diarrhea, increase in central venous and systemic blood pressure, and tran¬ 
sient arrhythmias. Interference with certain 1 moratory measurements may also 

occur. Increases in the serum enzymes aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and serum protein will be noted. Prothrombin time 
(PT) and activated partial thromboplastin time (APTT) cannot be accurately 

measured using optical methods hut magnetic, mechanical, and light scattering 
methods are unaffected by Oxyglobin. Urinalysis following Oxyglobin will show 
inaccuracies in dipstick measurements of glucose, ketones, and protein. 

The fact that Oxyglobin is stable at room temperature for 3 years, is compat¬ 
ible with all blood types, and is a potent carrier of oxygen, makes it a solution 
that may become more important in emergency and critical care medicine. The 
solution is currently used in diseases where it can provide temporary support at 
best. Hopefully, future 02 -carrying fluids will have a longer duration of action 

and will he more clinically useful. 




m 








Transfusion of bio A components can he lifesaving in hemorrhagic 

shock patients. Goals for blood product transfusion include improved CVcarrying 

capacity, improved colloid support, and coagulation support. 

The indications for erythrocyte (RBC) resuscitation include PCV less than 

22% in dogs or 12% to 15% in cats, estimated blood loss that is greater than 

30% (30 mL/kg in dogs, 20 mL/kg in cats), ongoing hemorrhage associated with 

injury or surgery, and poor response to shock therapy in documented blood loss. 
The goals of Rl ' replacement are to restore a critical mass of RF Is to support 
hemodynamic function and O 2 transport to tissue beds. Products that provide 

RBC support include stored whole blood, fresh whole blood, and packed (con¬ 
centrated by removal of plasma fraction) RBCs. 

In acute hemorrhage, whole blood may be used to restore circulating blood 
volume and O z -carrv ng capacity, intravascular col oid support, and coagula¬ 
tion factors. Fresh whole blood is the primary transfusion option if no stored 
blood products are available. Crossmatching the recipient to the donor is per¬ 
formed to ensure immunocompability; however, universal donor (CEA1 A-) 
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blood is used in emergency cases. Infusion rates for compatible Mood are as fol 

lows: 


L Acute, life'threatening blood loss: 1 to 10 mL/kg/min up to 90 mL/kg in 

dogs or 75 mL/kg in cats. 

2. In general, 20 mL/kg of whole blood will raise the hematocrit 10%. 


In cases where blood is not crossmatched, the potential for immunoreaction 
(host versus eraft) must be considered. To minimize this side effect, all transfu¬ 
sions are accompanied by intravenous (IV) administration of 0.5 mg/kg diphen- 
hydramine (Benadryl) and 2 mg/kg dexamethasone phosphate or prednisolone 
analogues to suppress "minor" antigen response. A lower infusion rate (0.25 mL/ 

kg/hr) is selected for the first 15 minutes and observation for transfusion reaction 
is noted. Transfusion reaction may be noted as the following signs: pyrexia, 
tachycardia, dyspnea, hypotension, shock, urticaria, pruritis, and hemolysis. 

is correction of acute 


The major indication for selection of packed 

Mood loss anemia. Like whole hlo d, crossmatching the recipient to a donor is 

performed to ensure immunocompatability; however, universal donor (DEA'l 
A-negative blood can be used in emergence cases. All transfi sions are accompa' 
uied by administration of 0.5 mg/kg diphenhydramine (Benadryl) IV and 2 mg/ 

kg dexamethasone phosphate or prednisolone analogue IV. Infusion rate proto' 

cols for compatible packed RBC units are as follows: 


ti • 


1. Emergency blood loss: 1 to 5 mL/kg/min up to 90 mL/kg in dogs or 75 mL/ 

kg in cats, 

2. In general, 10 mL/kg of packed RBCs will raise the hematocrit 10%. 


Transfusion reactions are similar to those noted under whole blood above. 
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In shock, therapy should be directed toward restoring the blood volume 
with an ideal resuscitation fluid. The ideal fluid is one that can carry 0 2 . The 
available crystalloid and colloid solutions are limited due to their inability to 
carr V Whole blot I is a complete and physiologic volume expander that is 
limited by its poor shelf life, fluctuations in availability, allergic reactions, and 

high cost. Although crystalloid and colloid solutions cannot carry CL, their use^ 

fulness is increased by their availability and relative low risks. 

Hemodynamic resuscitation is accomplished more rapidly with colloids be¬ 
cause these solutions expand vascular volume more efficiently than crystalloid 
solutions. Crystalloid solutions equilibrate across the vascular membrane so that 

10% to 25% of the solution remains in the plasma at the end of the infusion. 

However, in all forms of shock it is important to recall that there is an initial 

fluid shift from the interstitial to intravascular space. In essence, there is an 

interstitial dehydration that needs to be corrected early in shock. Thus, crys- 
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talloids serve an important role in resolution of this dehydration. Crystalloid 

solutions also dilute plasma proteins with consequent reduction in colloid os- 

motic pressure allowing for fluid movement into the interstitial space. 

With these effects in mind, if the goal in fluid therapy is to replenish inter¬ 
stitial dehydration, then crystalloid solutions are the treatment of choice. If the 
goal in resuscitation is to increase the plasma oncotic pressure and effectively 
move fluid from the interstitial compartment into the plasma compartment, then 
the clinician should select a colloid solution. Advantages of hetastarch over 
other synthetic colloid solutions include a lower incidence of side effects and 

allergic reactions, stability on prolonged storage, immediate availability, and no 

dependence on animal blood donation. Hetastarch produces physiologic effects 
comparable to dextran and clinical studies have shown that hetastarch is at least 

as effective as dextran as a plasma expander. High-molecular-weight dextrans 
do not seem more likely to cause bleeding than hetastarch when recommended 

d i ises 


used, but dextrans do promote histamine release (hetastarch does not) 
that can cause anaphylactoid reactions. 

When shock occurs, Mood proteins (albumin), whose osmotic gradient 

keeps fluid inside the capillary, are diluted by the flow of interstitial water into 

the intravascular space. If hypo-osmotic crystalloid is administered, a deteriora¬ 
tion of the already diluted intravascular osmotic gradient occurs, and the lung 
tissue could pull water in from the hypoproteinemic serum, precipitating or wors¬ 
ening pulmonary edema. 7 The rationale for pure colloid solutions presumes that 

an increase in serum colloid osmotic pressure would increase the osmotic gradi¬ 
ent in the serum so that cell free fluid would drift from the interstitial tissues 


lllS 


into the intravascular space, promoting a drier lung in shock conditions. Because 
interstitial water ends up in the intravascular space as a result of increased os¬ 
motic activity, administering colloid should also give the added benefit of intra¬ 
vascular repletion greater than the sum effect of the infused volume. 

However, the albumin content in lung interstitial tissue contains about 70% 
of the albumin in plasma. Thus, the increase in serum osmotic activity from 
infused colloid is very small, possibly too small to elicit a meaningful effect:. 

Under normal conditions, the pulmonary lymphatic system clears albumin and 

fluid rapidly from interstitial tissues, Hypoproteinemia producing hypo-osmotic 

blood is quickly counterbalanced by a transient increase in lung lymphatic flow, 
decreasing the amount of albumin in lung interstitial tissue and promoting 

reequilibration of the osmotic gradient. Although it is theoretically tempting to 

postulate that serum of low colloid oncotic pressure promotes pulmonary dema 

in the presence of shock, no convincing studies demonstrate it, and several 

studies show that severe hypoproteinemia alone does not cause pulmonary 
edema. 


Regardless of the type of fluid administered, a very fast rate of infusion will 

fill the right ventricle more completely, resulting in increased stroke volume and 
increased cardiac output. Studies of numerous kinds of volume expanders have 
shown few practical differences in outcome. As left ventricular pressures increase, 
increased pressure will also reflect back into the pulmonary vessels, eventually 

precipitating wet lungs. Pulmonary function tests in human trauma patients after 
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Total body water 
Erythrocyte (RBC) volume 
Plasma volume 


717 ± 17 


596 ± 50.5 


36.9 ± 6 


17 ± 3.2 


50.7 ± 4.3 


44.3 ± 5 


Whole blood volume 


88.7 ± 8.3 


60.1 ± 9.3 


injury are found to be identical in groups ot patients given high volume colloids 

or crystalloids. 

Ilie only acceptable end-point is mortality; that is, how many die when 

resuscitated with one program versus the other. Obviously, the difference in 

mortality is small. If the differences were large, say 50% or so, the argument 

would have been put to rest a long time ago. 






When a patient is excessively hypotensive and has clinical signs of shock, the 

volume must first be restored. Today it is recognized that shock (no mat¬ 
ter which etiologic type) will progress from an initial hypodynamic, to a hyper¬ 
dynamic, and finally another hypodynamic phase. Thus, if you wait for the ckissi- 

cal clinical signs of shock to appear before administering IV fluids, the animal 
may slip into the terminal phases of shock with little likelihood of successful 
resuscitation. It you recall the phrase "anticipate shock," you should start all 
patients requiring in an intravenous catheter with a portion (1/4) of a shock 
volume before proceeding to the second phase of fluid replacement (replacement 
phase). 
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Traditionally for the dog, a shock volume is said to be 90 mL/kg/h (40 mL/ 

Ib/h) and for the cat, 44 mL/kg/h (20 mL/lb/h). But the numbers are derived 

from “whole blood volume” in the dog and a “plasma volume” in the cat (Table 
29-3). Shouldn’t we use the same criteria in determining shock volumes? Anec¬ 
dotal experience shows the dog’s traditional shock volume (90 mL/kg/h) is rareh 

required for resuscitation from the insult. More than likely, consideration should 

be given to recommending a plasma volume (50 mL/kg/h) as the shock volume 

for the dog and cat. Regardless of the controversy, the volume of fluid required 

is based on the patient’s weight and yi >u should he prepared to administer a shock 

volume each hour when crystalloid solutions are being used, 

T he patient’s response determines the approximate volume to be given. 


Fluid combinations are the most effective method of shock resuscitation. 
Ison >nic and hypertonic sa l ne may he combined with colloids to provide effec¬ 
tive resuscitation with a lower resuscitation volume compared to isotonic saline 
as a monotherapy. Inclusion of colloids reduces isotonic fluid volume require- 
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with opioid analgesics. C tpioids produce an excellent t erapeutic response with 
minimum hemodynamic consequence. Full agonists (morphine, oxymorphone) 

or partial agonists (buprenorphine, butorphanol) may be used for pain manage¬ 
ment. (See Chapter 7 for further information.) 
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Disruption of visceral organ perfusion carries a risk of barrier breakdown 

and enteric organism invasion. Endogenous flora varies with individual patient; 

both gram-positive and gram-negative bacteria may produce secondary effects 
that amplify the shock cycle. There is general agreement that antimicrobial 
therapy is indicated in these cases. In general, monotherapy with a “broad- 

spectrum” antibiotic to inhibit gram-positive and gram-negative bacteria as 

well as anaerobic flora is selected. Currently, cephalosporins appear to be the 
preferred monotherapy due to their efficacy and relatively low organ toxicity 

(Table 29' 4). 
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Glucocorticoids and nonsteroidal anti-inflammatory drugs have been exten¬ 
sively investigated in the shock syndrome. Although they have repeatedly shown 

promise m experimental studies, they have not shown consistent efficacy in clini¬ 
cal shock syndromes. Their use in hemorrhage and hypovolemia is not currently 
recommended. 
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Alkalinizaiton has not been shown to be effective in shock states. Cor¬ 
rection of underlying perfusion disturbances and restoring tissue homeostasis ap¬ 
pear to be the best strategy for correcting acid-base imbalances noted in shock 
stares. 
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Shoe is a “symptomatic” disease; monitoring the shock patient is based on phys¬ 
ical findings and key observations coupled with quantitative information regard¬ 
ing hemodynamic function and key organ viability. Despite all the advances in 

monitoring technology, none replace simple monitoring parameters and sound, 
fundamental patient evaluation. 1 he parameter list helow ? is not a comprehen¬ 
sive list of all monitoring techniques and technologies, but represents the most 

accurate, cost-effective options for patient monitoring in the resuscitation pe¬ 
rn xl. All observations and measurements should be recorded on a flow chart to 
determine the patient’s progress. 


Physical parameters are the cornerstone of evaluating the shock patient. 

Clinical impressions gained from physical parameter interpretation are the basis 
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Antimicrobial Therapy 


■ ■ 




Staph spp. Strep spp. 


Penicillins 

Penicillin, Ampfcillin 
Amoxicillin 

Oxacillin, Methicillin 

Nafcillin, C(oxacillin 

Ca rbeneci 11 i n 

Ticarcillin 

Azlocillin 

Piperacillin 

Mezlocillin 

Cephalosporins 

First-generation 

Second-generation 

Third-generation 

Imipenem/Ci lasti n 

Aminoglycosides 

Fluoroquinolones 

Aztreonam 

Metronidazole 

Clindamycin 


+ 


+ 


Except B. frag His 
and Actino¬ 
myces 


* 


+ 


+ 


+ 


-t- 




+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ « Effective against this organism 
- * Not effective against this organism 
± - Variable effectiveness 

Staph indicates Staphylococcus ; strep. Streptococcus. 

(Adapted from Haskins SC: Therapy for stock. In Bonagura J, ed.: Current Veterinary Therapy XIII. 
Philadelphia: Saunders, 2000.) 


for management of the shock patient Key physical parameters include the fol 

lowing: 


1. I Hemodynamic 

• Pulse rate 


Pulse character and strength 


Pulse rhythm 


Mucous membrane color 


Giptllary refill time 


2. Respiratory 

• Rate 


Effort 

Rhythm 


Copyrighted material 








































IV Cardiovascular Disorders 


HMiTBr 


• Mucous membrane color 

3. Level of awareness 

• Alert 


Depressed 
Stup< >r( ms 


Obtunded 


Effl 




Serial monitoring of O transport and delivery is key to management of the 

patient undergoing resuscitation for hemorrhage or hypovolemia. Clinically, no 

direct method exists to evaluate these parameters. In general, the clinician substi¬ 
tutes surrogate indices that evaluate hemodynamic performance and tIssue 0 : 
delivery. Hem< dynamic performance is monitored based on evaluation of pre¬ 
load, inotropy, and afterload. 

Preload is clinically evaluated using central venous pressure (CVP) mea¬ 
surement. CVP provides information on intravascular volume status and ventric¬ 
ular function. Normal CVP levels are 0 to 5 cm water. Values in shock patients 
are generally less than zero. If a shock patient has a CVP greater than 10 cm 

water before resuscitation, cardiogenic shock is a likely cause. CVP should in¬ 
crease with fluid resuscitation. Generally, an end point of 10 to 12 cm water is 

used for resuscitation. If crystalloids are the dominant resuscitation fluid, antici¬ 
pate a decline in CVP in approximately 1 hour. Additional fluid volume adminis- 

tration ma\ lx* needed in these cases. In advanced centers, placement of a pulmo¬ 
nary artery catheter is used for resuscitation guidance. This catheter may be used 

to monitor CVP and pulmonary capillary wedge pressure, an indirect measure 

of left atrial pressure. 

Inotropy is evaluated using cardiac output and blood pressure. Cardiac out¬ 
put may be monitored in advanced centers using a thermodilution technique 

following placement of a therm is tor-tipped catheter in the pulmonary artery. In 

general practice, blood pressure is monitored in lieu of cardiac output. Blood 
pressure is the mathematical quotient of cardiac output and systemic vascular 

resistance. Direct blood pressure monitoring is preferred in critical cases. In addi¬ 
tion to absolute values, the ability to observe the blood pressure waveform may 
provide valuable insight into volume status and cardiac performance. Blood pres¬ 
sure measured by indirect techniques (Doppler, oscillometry) are inaccurate due 

to poor detection capability associated with low perfusion. Inotropy may also be 
indirectly inferred from urine output. 

Afterload may be calculated from data collected during measurement of 
cardiac output. If this is not feasible, indirect measurement of peripheral perfu¬ 
sion changes using toe web temperature are used as a “rough” assessment of 

afterload status. Toe web temperature within 8°F of core body temperature indi¬ 
cates normal afterload and perfusion. Temperature differences greater th \ this 
indicate poor perfusion and increased afterload. 

Urine output is a valuable monitoring tool. Physiologically, urine produc¬ 
tion requires a minimum mean bloc I pressure of 60 mm Hg for renal perfusion 
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and glomerular filtration. Urine output should be 1 mL/kg/h. Urine production 

less than this value may be used to indicate that additional resuscitation is re* 

quired. 


Oxygen delivery may be inferred from interpolation of several physiologic 
parameters. Pulse oximetry may be used to allow continuous monitoring of hemo¬ 
globin saturation (Sa0 2 ) at a specific location. This information is helpful in 

determining whether Q* delivery to the microcirculation is adequate. To be of 
value, pulsatile blood flow should be detected; most units will not provide a 
reading without pulsatile flow detection. Regional perfusion differences in shock 
may limit value of the information obtained. In general, perfusion to rostral 

regions is maintained at the expense of caudal regions. Therefore, monitoring 
SaO* in the head and neck region may nor accurately reflect tissue perfusion in 
the caudal body regions. For this reason, caudal detection sites are preferred to 

provide a more global evaluation of the patient. 

Paired blood gas samples coupled with pulse oximetry may be used to calcu- 

late 0 : extraction. See Chapter 2 for additional information. 
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! iboratory measurements provide a "trend” monitor of resuscitation re¬ 
sponse. They are not diagnostic or prognostic; they serve only to assist evaluation 
of global physiology and response to therapy. 

cell volume (PCV) and total protein (TP) are used to monitor 

resuscitation. These measurements are not sensitive in hemorrhage states; trend 

values “lag” for several hours following the acute crisis due to hematopoietic 
reservoirs. Additionally, loss of PCV and TP is proportional; therefore 
change in hematocrit is expected until fluid resuscitation is administered. The 
American College of Surgeons has issued a policy statement indicating that 

of hematocrit to estimate acute blood loss is unreliable and inappropriate.” The 
value in PCV/TP monitoring is during the resuscitation period. A dilutional 
response in both parameters accompanies fluid resuscitation. A significant dilu- 
tion effect in PCV will assist the clinician in selecting the appropriate resuscita- 
tion fluid. An optimal PCV should be between 2S% and 35% in the postresusci¬ 
tation period. PCV less than 22% should be regarded as a “transfusion trigger.” 
TP values should not fall below 3.5 g/dL or albumin less than 2.0 g/dL in any 


m 
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Blood glucose is monitored during initial presentation. Due to the stress 

response associated with the hemorrhage/hypovolemia period, it is expected that 

hyperglycemia will be present. Hypoglycemia indicates a coexisting reason for 
shock; this is general;y related to infection/sepsis. 

are monitored to provide information regarding 0 : and acid 
base status. The reader is referred to Chapter 19 for further information. 

Blood lactate and pyruvate have been used as indicators to evaluate resusci¬ 
tation therapy. Good evidence supports the value of monitoring the bit I 

lactate/pyruvate ratio during resuscitation. Under normal conditions, pyruvate 


Blood 


?-r. VW 
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is a key substrate for cellular energy production. Pyruvate undergoes conversion 
to secondary substrates in the Kreb cycle and electron transport pathways en¬ 
hancing energy production. Perfusion disturbance forces conversion of cellular 
energy production from aerobic to anaerobic glycolysis. This interconversion 
results in inefficient glucose utilization and lactate production. Restoring tissue 
perfusion and O 2 delivery promotes restoration of aerobic metabolism. Lactate 

can either be converted >ack to pyruvate or oxidized in the citric acid cycle for 

energy consumption. Lactate utilization consumes hydrogen ions that increase 
during the anaerobic period. Several studies in human and veterinary medicine 
have confirmed the value of monitoring lactate as a biochemical marker for eval¬ 
uating tissue perfusion. Hemorrhage and hypovolemia are clinical presentations 

in whicl t lactate measurement is a useful parameter. 

Resuscitation end points in hemorrhage/hypovolemia: 


1 - P: 12-: a cm water 


r i 
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Pulmonary capillary wedge pressure: 10-12 mm Hg 
Cardiac output: >2.0 L/min 

O 2 uptake (VO^): >100 mL/min/m 2 
Blood lactate: < 4 mmo /L 

Base deficit 0 
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1 ue of the enigmas in resuscitation is that correct therapy may be implemented 
with poor results. The reason for inconsistent resuscitation response is an active 
area of investigation. Core hemodynamic function may be restored; however, 
secondary injury associated with the repeif ision complex (see below) may exac¬ 
erbate cell inju and ultimately produce an adverse outcome for the patient. 

Two key factors have been repeatedly shown to dictate patient prognosis. First, 

time from insult to resuscitation is the most critical variable. Delay in imple¬ 
menting therapy places the patient at risk for progression into irreversible shock. 

Therefore, early, aggressive intervention is key for successful outcome. The sec¬ 
ond kcv factor is patient response to therapy. Patients who favorably respond to 

initial resuscitation measures have a guarded prognosis; nonresponders have a 

poor prognosis. 
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Resuscitation is a science that is constantly evolving as our understanding of 
cell response to O 2 stress states improves. There are many areas of active investi¬ 
gation; several seem to have clinical significance to the resuscitation practitioner. 
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The prevailing opinion favors aggressive fluid volume resuscitation; how 
an emerging body of evidence suggests volume resuscitation to normal he 


ever 

modynamic indices increases uncontrolled bleeding. This observation is minor 
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rant tor two reasons. One is that bit 1 pressure is not the appropriate end point 
for resuscitation of hypovolemic shock. Second* therapeutic end points that are 
appropriate for the normal body may not be normal in injury states. Currently, 
an emerging body t evidence supports the concept of “hypotensive resuscita¬ 
tion." In this strategy* fluid resuscitation is provided but blood pressure parame¬ 
ters are maintained at levels higher than presentation and lower than normal 
until bleeding is controlled. Several studies indicate improved patient outcome 
with tins strategy; however, this is an evolving area of investigation. 
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Successful resuscitation does not guarantee survival:. Hypoxemia-associated 
injury to major organs may continue after clinically successful resuscitation. The 

gastrointestinal tract and brain are the two organs most susceptible to damage. 
Two processes, no reflow and reperfusion injury, are relieved to he involved. 




Microcirculatory defects may persist despite successful clinical resuscitation. 
Several mechanisms tor this response have been proposed including calcium- 
induced vasoconstriction, leukocyte plugging* and vascular compression second¬ 
ary to tissue edema formation. Persistent gastrointestinal hypoperfusion may lead 
to intestinal ;>athogen translocation and development of sepsis. The incidence 
and intensity appear to be correlated with the duration of flow disturbance during 

shock. At present, no specific therapy is available for management. 
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Tissue injury may be amplified in the postresuscitation period due to accu¬ 
mulation of toxic metabolites that are systemically redistributed during the reper- 
fusion period. Systemic distribution creates tissue damage at remote locations. 

Toxic \ metabolites have been implicated in this process. Two potential sources 
of enhanced oxidant production include neutrophil activation and superoxide 

and hydroxyl radical formation. All organs are affected; the brain is particularly 

susceptible to reperfusion injury. A variety of therapies including antioxidants 

corticosteroids* calcium channel blockers* free radical scavengers* and iron chela 

tors have been studied for efficacy with inconclusive results. The critical element 
in managing re| rtusion injury remains prevention. 
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In the emergency resuscitation of trauma patient with shock* the primary 
problem is low intravascular volume; secondary problems involve expansion or 
contraction of the interstitium depending on the patient’s fluid status. 8 The 

majority of patients suffer from either relative or absolute volume deficits and 

there is an urgent need to replenish ECF volume. In the later stages of shock 
the permeability of the capillaries gradually increases and a large quantity of fluid 
moves into the interstitial space. T ins further decreases bit* I volume with a 
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secondary fall in the cardiac output, which further suppresses tissue perfusion. 
Under these dynamic circumstances, control of these interrelated clinical factors 
is difficult and the clinician's evaluation of different fluid regimens becomes 

nearly impossible. 

Based on the available information in the noncritically ill patient, crys¬ 
talloid solutions provide adequate replacement therapy. In patients with shock, 
it appears colloid solutions are a better alternative to massive infusion of crys¬ 
talloids because they restore plasma volume without the excessive salt and water 
administration that can lead to overexpanded interstitial water and pulmonary 

edema. If the choice is which colloid to use in a hypovolemic patient, and if 

side effects are not the issue, then the human literature would support the use 
of hetastarch. Unfortunately, veterinary medicine must also factor in the eco¬ 
nomic^ of therapy. Without convincing evidence ot a difference in survival, it 

is difficult to recommend routine use of colloid solutions. 

When rapid expansion of plasma volume is needed, colloids are clearly su¬ 
perior to crystalloids. 9 In fact, crystalloid volumes are 3 to 12 times larger than 
colloids to produce the same increment in plasma volume. Additionally, the 
time required for resuscitation with crystalloids is reported to be twice that of 
colloids. Colloids are also superior to crystalloids in their ability to improve car¬ 
diac output and 0 2 transport. 

Pulmonary edema should not be a problem with either type of fluid if proper 

precautions and hemodynamic monitoring are used. Although crystalloids should 

produce pulmonary edema more readily than colloids, the risk appears to be 
small. 


When pulmonary capillaries have an increase in permeability, the colloids 
leak from the vascular space and promote interstitial edema formation. Studies 
vary on the importance of this point and likely it is irrelevant which fluid you 

use. Close monitoring must be provided. Outcome data from human beings 
shows there is no difference in survival from hypovolemic shock when using 
colloids or crystalloid fluids for resuscitation. 

In summary, if the goal is to expand the plasma volume, colloid solutions 
seem to be the logical choice. If the goal is to replenish the entire extracellular 
space, rystalloids are the fluids of choice. Fortunately for the small anima 1 veteri¬ 
narian, large volumes of crystalloids can be rapidly instilled and thus are the 
stalwarts of treatment for hypovolemia. If colloids are used for resuscitation, it 
is important to remember that the plasma volume expansion is not just due to 
the infused volume. More often the volume expansion occurs as a result of fluid 
shifts from the interstitial and intracellular spaces thus requiring additional free 
water and crystalloids for replacement. 
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Acute heart failure is a dramatic emergency that requires rapid and appropriate 

intervention by the clinician to prevent the death of the patient. This means 

that the signs of heart failure must be recognized and therapy tailored to the 
individual requirements of that patient. It is vital to recognize that these patients 
are frail; they are often incapable of withstanding stressful events such as restraint 

and positioning for radiography, placement of an intravenous catheter, or even 
being presented to a veterinary clinic. By recognizing this the veterinary care 
team can avoid becoming the patient’s worst enemy. In some cases it may mean 

that empiric therapy needs to he started to stabilise the patient without having 

a definitive diagnosis. 

Heart failure has been categorized in various ways. One can differentiate 

between left and right sided heart failure, between backward and forward failure, 
as well as between high output and low output states. In most patients there are 
a combination of these categories present, whereby clinical judgement is needed 

to determine which category (ies) are the most vital to address. Categorization 
is helpful in that it can make it easier to understand the basis for the failure 

present and thereby guide in the selection of therapies to initiate. 
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There are a variety of reasons for heart failure. In dogs the predominant causes 

are valvular insufficiency through endocardiosis or myocardial failure secondary 

to dilated cardiomyopathy (DCM). In cats, generally myocardial disease (hyper¬ 
trophic, dilated, or restrictive cardiomyopathy) is the cause for heart failure. In 

cats signs tend to be acute in nature; in dogs there tends to be a history of signs 
consistent with heart disease (cough, exercise intolerance). Acute signs of heart 
failure can iKcur in a compensated patient as a result of a stressful event such 

as anesthesia or excessive exercise. Common to heart failure is the inability to 
provide adequate cardiac output to meet the demands of the tissues. 

Often cardiac disease is chronic in nature so that compensatory mechanisms 

have already come into play. The many mechanisms involved with compensating 

cardiac insufficiency are complex and not completely understood. Some mecha¬ 
nisms that have been investigated include activation of the renin-angiotensin- 

aldosterone system and increased activir of the sympathetic nervous western. 
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These mechanisms can compensate for decreased cardiac output but there are 
negative consequences. Fluid retention with volume expansion occurs. This in' 

creases cardiac output by increasing preload; however, at a certain critical level, 

it also leads to signs of congestion (pulmonary edema or ascites) through backward 
failure. Heart rate and contractility are increased by the sympathetic nervous 
system activity. This increases myocardial oxygen demand and can predispose to 

arrhythmias. In addition, the periphery is vasoconstricted which maintains blood 
pressure but also increases afterload which results in decreased cardiac output. 

In certain situations forward failure can predominate. This is common in 

dilated cardiomyopathy and those cases of heart failure induced by an arrhyth¬ 
mia. In this situation poor cardiac output is too low to meet the demands of 
peripheral tissues. Hypothermia, azotemia, prolonged capillary refill time, hypo- 

tension, and poor pulse quality can be present. Treatment is then directed at 
improving perfusion by the use of judicious fluid therapy and positive inotropes. 
The most difficult cases to treat are where congestion and low output failure are 
present as treatment for one can make the other worse. 
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Acute congestive heart failure can occur in any breed of dog or cat at any age. 

In dogs mitral valve endocardiosis and dilated cardiomyopathy are the most com¬ 
mon causes of congestive heart failure (CHF). Endocardiosis most commonly 

occurs in older (>10 years old) small breed dogs such as miniature Poodles, 
miniature Schnauzers, Pomeranians, and others. Cavalier King Charles Spaniels 
liave a high incidence of mitral valve endocardiosis and clinical signs can Je* 
velop at an earlier age. Dilated cardiomyopathy generally occurs in large breed 

dogs at an earlier age. Breeds highly predisposed to DCM include Irish Wolf¬ 
hounds, Dobermans, Great Danes, and Boxers. Some smaller dogs such as Cocker 
Spaniels and English Bulldogs can also be affected. 

Hypertrophic cardiomyopathy currently is the most common form of cardio- 
myopathy in cats. C ardiomyopathy in cats usually occurs in middle-aged cars, 

with males more commonly affected than females. Older cats can also develop 

secondary cardiomyopathies such as through hyperthyroidism, hypertension 
acromegaly. 
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Cats can have minimal signs prior to presentation; most dogs do have a 
history suggestive of heart disease. In cats, thromboembolism may be the first 
presenting complaint with acute posterior paresis/paralysis. 

Exercise intolerance and weakness may he present. In some cases collapse 

episodes may have occurred. 

Signs of respiratory problems such as cough, dyspnea, or tachypnea may 

have been noted. In cats, open mouth breathing may have been noted. 

With chronic disease, inappetance and weight loss may have occurred prior 

to presentation. 
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A lorough physical examination is vital in any emergency patient. Often 

the findings of the exam combined with the history can lead to a htgh index of 

suspicion of heart failure as the predominant clinical problem. 


Visual inspection: Signs of respiratory distress may he present such as dysp¬ 
nea, tachypnea, cough, or open mouth breathing. The patient may he stand- 
ing with elbows abducted to recruit accessory respiratory muscles. Muscle 
mass loss may also be present. Some patients will be recumbent and collapsed. 

Coughing up of blood-tinged fluid must be considered an indication of severe 

heart failure and has negative prognostic implications. 

Mucous membranes: Cyanotic and or pale mucous membranes ma he noted. 
Capillary refill time may be increased. 

Body temperature: Hypothermia is common in cats with acute heart failure; 
in dogs it usually only seen with ow output failure states. 

Jugular vein: Distension of the jugular vein or a jugular vein pulse can be 

an indicator of increased pressure in the right atrium. This can he seen with 
right-sided heart failure such as occurs with tricuspid disease, heartworm in¬ 
festation, and pericardial effusion. 

Auscultation: In most cases a heart murmur can be ausculted in dogs and 
cats with heart failure. The character of the murmur (timing, intensity, and 

point of maximal intensity) should be delineated. Crackles may be heard 
with pulmonary edema although this is less commonly heard in cats. Auscul¬ 
tation may reveal that the heartbeat is irregular through arrhythmias. Gener¬ 
ally heart rate will be markedly elevated. In cats, a gallop may be heard. 

Muffling of normal sounds may indicate pericardial or pleural effusion. The 
larter is common in cats with heart failure. Percussion of the thorax can 
reveal if damping is present which is suggestive of fluid in the thorax. 

Pulse quality: While ausculting, the pulses need to be felt to detect pulse 

deficits. Poor and rapid pubes arc common. 

Abdominal palpation and ballottement: Fluid may be present; ahdominocen- 

tests should be performed to confirm its presence and to determine the nature 

of the fluid. 
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Blood pressure measurement is definitively indicated in those patients that 

Itave signs of low ourput failure. This is also an important parameter to monitor 
therapeutic efficacy. Both oscillometric and Doppler based monitors are avail¬ 
able. The oscillometric devices have the advantage of determining both the 

diastolic and systolic pressure. Direct blood pressure measurement via an 
arteria catheter is ah possible though less commonly used. In truly critical 
patients this does have the benefit of continuous monitoring and is preferable 

if available. 
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The main value of an ECG tracing is determination of heart rate and rhythm. 

Though an ECG can be suggestive of heart enlargement, the lack of sensitivity 

and specific it v of diese changes significantly limit heir diagnostic value. Arrhyth¬ 
mias are common in patients with heart failure. Not all arrhythmias require specific 

therapy since many will resolve with treatment of the underlying heart failure. 
Certain situations however necessitate intervention. Good examples are supraven¬ 
tricular tachycardias such as atrial fibrillation or atrial tachycardia. In these cases, 

the high heart rates prevent adequate ventricular filling and cardiac output is sig' 
nificantl compromised. Sustained ventricular tachycardias may al o need to be 
addressed, especially if signs of low output failure are present. In some cases where 

atrial tachycardia is suspected, use of ocular or carotid pressure with ECG monitor- 

mu may allow a definitive rh\ hm diagnosis to be established. 




Radiology is still the cornerstone of emergency diagnosis of acute heart failure 
in both cats and dogs. It allows visualization of the heart, lungs, and other thoracic 

structures. This is a stressful event and it is necessary to determine if a patient 

can tolerate the procedure. Some signs that can be seen in heart failure patients 

include cardiomegaly, pulmonary edema, and pleural effusion. It is important to 

make sure that the clinical signs noted match the r Jiographic diagnosis. 
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‘Echocardiography is a valuable tool in diagnosing cardiac disease. In cats 

it is usually a necessity in order to determine what form of cardiomyopathy is 
present. Since emergency treatment tor heart failure will rarely change based on 
an echocardiogram, it is possible to delay this procedure until the patient has 
stabilized. In dogs, this diagnostic method is important in those cases where 
pericardial effusion is suspected. 
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Certain laboratory abnormalities can be detected in patients with heart 

failure, especially if a low output ailure state is present . Azotemia, hyponatremia, 

and occasionally elevated liver values can be found at presentation. More impor¬ 
tantly, medications used to treat heart failure can cause changes to occur in 
electrolytes and renal values so that routine laboratory testing is recommended 

in patients that are being treated for heart failure. 
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In most patients with acute heart failure basic general therapy is indicated. 

Quiet: Because of cardiac insufficiency, it is not possible for the patient to 
adapt to increased demand. Stress through anxiety, fear, and restraint has to 
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be minimized. In most cases placing the animal in a cage in a quiet area and 

avoiding manipulating the patient excessively is all that is required. Rarely 
will a sedative (in dogs, morphine 0.1 mg/kg IV, IM) be needed to achieve 

this goal. 

Oxygen: Al! patients with acute heart failure will benefit from oxygen supj 

mentation. This will minimize anxiety on the part of the patient and can 
significantly reduce the frequency of arrhythmias in many. Oxygen can be 

delivered in many ways. Initial flow rates of 0.05 to 0.1 L/kg/min should be 
adequate. Humidification of the oxygen delivered is vital if therapy is ex- 
tended for any length of time. 

Mask 

Nasal oxygen catheter 

v ;ygen cage or tent 
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Thoracocentesis: Thoracocentesis is indicated whenever significant thoracic 

fluid accumulation is suspected or confirmed. This is a relatively rare occur' 
rence in dogs but quite common in cats with cardiomyopathy. This procedure 
lias both diagnostic and therapeutic value. A sample oi the fluid removed 
should undergo fluid analysis and cytological evaluation. Thoracocentesis is 
usually j>erformed between the 7th and 10th intercostal space at the costo- 

chondral junction on one or both sides of the thorax after the area has been 

shaved and aseptically prepared. Most times sedation is not required. Use of 

a three-way stopcock and an extension set can make the procedure easier to 

perform. 

Abdominocentesis: Significant accumulation of abdominal fluid is rare in cats 

with heart disease but it is common in dogs with right-sided congestive heart 

failure. This procedure also has diagnostic and therapeutic indications. Usu¬ 
ally it is only required in patients where massive distension of the abdomen 
has occurred that is impairing respiration and decreasing patient comfort. 
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Congestion is usually reduced either through the use of diuretics or vasodila¬ 
tors (especially venodilators). In animals with cardiac disease, increased preload 

is one of the compensatory mechanisms used to sustain cardiac output. As a 

result, overly aggressive preload reduction can lead to a very rapid decline in 

preload and, therefore, cardiac output. 






Furosemide at 2-4 mg IV or IM in dogs (in cats 1-2 mg/kg is usually ade¬ 
quate) repeated every 3 to 4 to 8 hours as needed in severe cases repeated every 
hour) till congestion is under control is usually the first therapy initiated. In 
heart failure, perfusion is poor so that SQ and PO routes of administration result 
in delayed absorption. Intravenous administration is the most rapid but can be 
stressful for the animal. Intravenous injection can also significantly reduce pre¬ 
load leading to a drop in cardiac output, this is especially important to consider in 
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rhose patients with signs of congestive failure and low output failure. Furosemide 
should only he used as needed for control of congestion. When used aggressively 

monitor tor signs of such as a cool periphery, weakness and lack of appropriate 
urine output. In those cases where low output signs are present judicious fluid 
therapy may he needed (half maintenance rate with low sodium fluids such as 
i ^ W or half strength saline/dextrose) as a concurrent therapy. 


Nitroglycerine acts as a venodilator, reducing preload hy putting Mood into 
the abdominal circulation. An antithrombotic effect may also he present which 
make it attractive in cats at risk for thromboembolism. Wear gloves to apply as 

it is absorbed through skin. It is available as a 2% ointment that is applied to 
non-haired skin 3 to 4 times daily, V* inch in a cat, in dogs V« inch per 5 to 10 
kg. Patches are also available that are dosed at 0.1 mg/hr patch per 10 kg of 

body weight. 


This medication is a potent venous and arteriolar dilator. Nitroprusside 
must be given as a constant rare infusion. Because of its short half life, it is 

possible to titrate t he dosage to effect with blood pressure monitoring. This medi- 

cation should not He used unless blood pressure can he monitored. It should be 
reserved for the most severe fulminant heart failure cases. Initial dosage is 1 meg/ 
kg/min, this can be increased by 1 meg/kg/min every 5 to 10 minutes until mean 
arterial blood pressure is stabilized at around 70 mmHg, hut a total dose of 10 

meg/kg/min should be not be exceeded. Ideally pulmonary wedge pressure should 
also be monitored in these patients. If hypotension is encountered, the infusion 
rate is reduced. Cyanide toxicity can occur at infusion rates over 2 meg/kg/min 

so that the duration of therapy should he as shon as possible—depending on 
the dosage used, possibly less than 24 hours. 


Hydralazine is a potent arteriolar dilator useful for short-term management 
of congestive heart failure. Arteriolar dilation results in decreased systemic vascu¬ 
lar resistance which can markedly improve forward cardiac output in patients 
wirh significant regurgitation. In patients with myocardial dysfunction, this med¬ 
ication is less beneficial. The main adverse side effect is significant hypotension 
that can lead to decreased perfusion of vital organs, especially the kidney. Blood 
pressure measurement is the ideal way to assess the success of this therapy and 
to guide in dosage selection. Therapeutic goals are to improve clinical signs (usu¬ 
ally in patients with refractory or difficult to treat heart failure) and to bring 

mean arterial blood pressure down to 60 to 80 mmHg. It is possible to monitor 

just using clinical signs, however this can at times miss significant hypotension. 

It blood pressure can he measured, the initial dosage is 1 mg/kg in patients not 

already receiving an ACE inhibitor (0.5 mg/kg in rhose on an ACE inhibitor). 
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Within 1 hour decreases in blood pressure should be seen that will peak at 3 

hours post pill. It blood pressure decreases then this is the dose ot hydralazine 
to give every 12 hours. If blood pressure does not decrease, then another lmg/ 

can be given. It it too is not effective, another 1 mg/kg can be given (maximal 
cumulative dose of 5 mg/kg). In dogs on an ACE inhibitor, dosage increases 
should be only 0.5 mg/kg at a time to avoid profound hypotension. If blood 
pressure cannot be measured, then initial dosages should be low (0.5 mg/kg) and 
dose should be adjusted every 12 hours using clinical parameters. 
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ACE ivi ibitors are balanced vasodilators (venous and arterial) that reduce 
preload and afterload. Action onset will be delayed because oral absorption will 

be r or in congestive heart failure (CHF). Enalapril 0.25 to 0. 5mg/kg SI) or 
BID or benazapril 0.25 to 0.5 mg SID can be used. Do check renal values 3 to 

5 days into therapy as renal insufficiency can rarely occur. 
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Inotropic support therapy with synthetic catecholamines requires having the 

facilities to monitor therapy (i.e., blood pressure and continuous ECG) and de¬ 
liver therapy (in t ision pumps). This therapy can be quite helpful with low output 

failure such as seen in Dobermans with DCM. This form of therapy is rarely 

needed in cats. Potential adverse side effects include arrhythmias and increases 
in heart rate. Higher dosages of dopamine (>10 meg/kg/min) can also result in 

vasoconstriction, which would increase afterload and thereby decrease cardiac 

output. This usually is deleterious to the patient s cor. Jit ion, other than in those 

cases where severe hypotension is seen such as with cardiac shock. Dobutamine 

(1-15 meg/kg/min, usually start at 3-5 meg/kg/rnin) and dopamine (2-10 meg/ 

kg/min) are most commonly us J must be given m a constant rate infusion 
(CRI). Initially lower dosages are used and titrated upward if necessary. If side 

effects are seen, the rate of administration is reduced, if atrial fibrillation or other 

tachyarrhythmias are present, medical therapy of the rhythm disturbance is neces¬ 
sary before beginning inotropic support since heart rate will increase with the rap v. 

Dobutamine is the preferred drug since it causes fewer arrhythmias and does not 

cause vasoconstriction as dopamine does. However, the cost can be considerably 
higher depending upon whether generic or trade name produces are used. The 
synthetic catecholamines lose efficacy in !4 to 72 hours. 


The positive inotropic effects of digoxin are relatively weak, but it has the 
benefit that advanced monitoring equipment is not needed. The digitalis glyco¬ 
sides also have the advantage thar they can also aid in controlling supraventricu¬ 
lar tachycardias such as atrial fibrillation. Caution must be used in the face of 
ventricular tachycardias as digitalis can lead to worsening of the arrhythmia. 
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Toxicity can occur easily as the therapeutic range is small. Hypokalemia exacer 
bates toxicity. 






This group of compounds has both inotropic and vasodilating properties. 
Experience with their use in small animal medicine is limited. Amrinone is avail* 

able as an intravenous agent. Initial dosage in dogs is 1-3 mg/kg i.v. bolus fol¬ 
lowed by a CR1 of 10 to 100 mcg/kg/min. 
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Often oxygen therapy and therapy of heart failure will improve the environ¬ 
ment of the heart thereby helping to control irregular heartbeats. Certain ar¬ 
rhythmias do require specific intervention. In some cases the arrhythmia alone 

may be causing the signs of congestive heart failure. This can occur with ex¬ 
tremely rapid heart rates such as is seen with sustained atrial tachycardia. 
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The rapid heart rates associated with atrial fibrillation and atrial tachycardia 
result in inadequate ventricular filling and poor cardiac output. The predominant 
coal of therapy is to control the heart rate. Ideally heart rate in the hospital 

should be below 160 to 180 BPM. With atrial tachycardia, a vagal maneuver 

such as ocular pressure or carotid massage may v able to ac hieve conversion to 

a normal sinus rhythm. If this maneuver fails or atrial fibrillation is present with 

a high ventricular response rate, medical attention is necessary. Digoxm (0.22 

mg nrd BID, or 0.0055 to 0.01 mg/kg BID, double dose for first 24 hours if needed 

for rapid onset of action) is an ideal initial agent to control atrial fibrillation 
it also lias some positive inotropic effects, whereas many of the other agents used 

actually depress cardiac output. Care must be exercised in Dobermans as they 
are very sensitive to the drug and can easily develop toxicity. Digoxin also can 

worsen ventricular arrhythmias. Checking blood levels 7 to 10 days after initiat¬ 
ing therapy is recommended. Diltiazem (0.5 to 1.5 mg/kg TID, start low, titrate 
upward to effect) will also help to slow heart rate with minimal cardiodepressant 
effects at lower dosages. Beta blockers could also be used, but their cardiodepres¬ 
sant effects usually do not allow them to be used in patients with tenous cardiac 

output as is the rule with acute heart failure. 
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I ie decision whether to treat a ventricular arrhythmia is a difficult one. 

In patients with acute heart failure, VPCs would not be unexpected. It must be 

decided whether the arrhythmia has serious negative consequences to the pa¬ 
tient. /. large number of YT('s or a sustained ventricular tachycardia with rates 

exceeding 160 BPM 
patient with CHF. The main goal of therapy is to reduce the clinical signs of 
the arrhythmia, such as poor cardiac output. It is less likely that the commonly 
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used medications (Class I agents such as lidocaine, procainamide) can prevent 
sudden cardiac death. Other agents, such as beta-blockers, are thought to prevent 

sudden death. Their use in cases of acute heart failure is exceedingly difficult 
since they decrease cardiac output considerably. As a result, in emergency situa¬ 
tions the most commonly used agent is still intravenous lidocaine. This has mini' 

mal cardiodepressant effect and can often resolve ventricular arrhythmias. An 
initial intravenous bolus of 2 mg/kg can be given. This can be repeated several 

times at 5 to 10 minute intervals to a maximum total dose of 8 mg/kg. If this 

therapy is effective in reducing the number of ventricular ectopic beats, a con¬ 
stant rate infusion can be started (25 to 100 mcg/kg/min) which is titrated to 

effect. Procainamide can be used in place of lidocaine but has more cardiodepres¬ 
sant effects so that caution must be used when using this medication. Hypoka¬ 
lemia and hypomagnesemia make ventricular arrhythmias more likely and less 

responsive to therapy so these parameters should be monitored in patients with 
refractory ventricular arrhythmias. 
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The prognosis for patients with acute congestive heart failure will vary with the 

underlying cause of the failure and if the acute episi le was merely an exacerba¬ 
tion of chronic disease. In general, dogs with mitral valve disease can survive 

up to 1 year with therapy, dogs with dilated cardiomyopathy usually succumb 
more rapidly, and Doberman Pinschers often only have 1 to 2 months after onset 
of signs or congestive heart failure. 
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Cardiac rhytl im disturbances are frequently noted in critically ill animals. Distur- 
bance in rate, regularity, or site of cardiac impulse generation is classified as an 

arrhythmia. Arrhythmias may be associated with primary cardiovascular dysfiinc- 
tion or may be secondary to systemic disease. The challenge the critical care 
clinician faces is to identify the arrhythmia and understand its hemodynamic 
consequences. It is important that the clinician recognize which arrhythmias 

require prompt, aggressive medical intervention versus arrhythmias that are tol¬ 
erated until correction of the underlying cause occurs. The goal of this presenta- 

tion is to review arrhythmias commonly encountered in critically ill patients 

and present medical options for acute management and stabilization. 
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All cardiac tissues depolarize and conduct electrical impulses. The sequence of 
electrical impulse spread occurs in an orderly fashion. Cardiac cells depolarize 

and in turn depolarize cells next to them. Cells that have depolarized are refrac¬ 
tive to a second depolarization event for a specific time period. Because of this 

characteristic, depolarization occurs in an orderly process in one direction and 

terminates. 

Specialized cells called “pacemakers” initiate the depolarization process. 
Pacemaker cells have the ability to spontaneously depolarize at a repeatable rate 

governed by intrinsic properties and external influences. Pacemaker cells have 
been identified in the atrium (sinoatrial [SAJ node), atrioventricular (AV) node, 

and His Purkinjie (HI 1 ) system. Under normal conditions, depolarization rate 
is highest for the cells in the SA node. The generated electrical signal begins 
the hierarchal sequence of depolarization. Subservient pacemakers are depolar¬ 
ized as part of this sequence preventing initiation of secondary, uncoordin¬ 
ated, depolarization. Arrhythmias are noted when this sequence is altered due 

to local or regional changes in electrical conductivity or myocardial tissue 
disease. Two primary mechanisms for arrhythmia formation have been described; 

ihese are disorders of impulse conduction and disorders of electrical impulse 
formation. 
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Conduction abnormalities result in either slow rate (brady) or fast rate 

(tachy) arrhythmia formation. 

Bradyarrhythmias are noted when temporal delay or complete Mock of elec¬ 
trical impulse spread delays normal depolarization sequence. Conduction abnor- 
malities are noted as a delay or “block” in ECG signal appearance relative to 
surrounding complexes. Delays in impulse generation from the SA node and 

conduction to the atrial tissues do not cause perceptible ECG abnormality. Com¬ 
plete SA nodal block unmasks lower pacemaker activity; this is reflected as an 
ECG appearance devoid of P wave activity. Slowed conduction through the AV 
nodal region results in prolongation of the P-R interval on the ECG. Tire specific 
sin* of delay ma be the proximal AV bundle, AV node, or bundle of His. Inter¬ 
mittent blockade results in loss of the QRS-T complex producing second degree 
block. Complete blockade in the AV nodal region produces a third degree block. 

Tachyarrhythmias are associated with abnormal myocardial tissue or acces¬ 
sory conduction pathways. Regional depolarization speed is altered when abnor¬ 
mal cardiac tissue is present. In general, abnormal tissue slows the velocity of 

signal conduction through the diseased area. This delay in the depolarization 

process may be long enough to permit surrounding tissue to partially or com¬ 
pletely repolarize, making healthy tissue capable of responding to a second depo¬ 
larization stimulus. The process by which nomal cardiac tissue is capable of 

supporting a secondary stimulus is called “reentry”, reflecting reentrance of the 
delayed stimulus into normal cardiac tissue. Reentry occurs in a time pent 
shorter than would be expected with the normal depolarization sequence. There¬ 
fore. the reentry process initiates a premature bear. Reentry may 1 e a single 
event following a normal cardiac depolarization or may produce a sequence of 

depolarization events that are independent of normal depolarization process. Re¬ 
petitive reentry events that occur faster than sinus depolarization are the basis 

for many tachyarrhythmias. 
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Disorders of impulse formation encompass enhanced or depressed impulse 

formation by normal pacemaker cells and abnormal impulse formation by nonau^ 

tomatic cells. 

Depressed automaticity is a decrease in the discharge rate of the automatic 

cells in the SA node. Both primary cardiac and extracardiac factors have been 
shown to influence automaticity. Sinoatrial nodal disease produces intermittent 
or complete inability to initiate impulse generation. This is clinically noted as 

sick sinus syndrome”. Extrinsic factors in depressed automaticity include in¬ 
creased parasympathetic activity, electrolyte abnormalities (hyperkalemia) 
docrine disorders (hypothyroidism), body temperature (subnormal), and anes¬ 
thetic drugs opioids, alpha-2 agonists, halothane). 

Enhanced automaticity is an increase in the discharge rate of the automatic 
cells. Both primary (SA) and subservient (AV, HP) pacemakers may be stimu- 
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lated to discharge at a faster than normal rate. A variety of extracardiac influ¬ 
ences including increased sympathetic activity, electrolyte abnormalities (hyper¬ 
calcemia), endocrine disorders (hyperthyroidism), body temperature (elevated), 
and anesthetic drugs (ketamine, isoflurane, pentobarbital, thiopental) have been 
shown to enhance SA nodal automaticity. Differential activation of pacemaker 
sites may produce uncoupling of the SA node and subservient pacemakers predis- 
posing to premature depolarization or dissociative rhythms. 

Abnormal automaticity is a result of cells that are not normally automatic, 

or subservient pacemaker sites, depolarizing at a rate faster than normal and 
functioning as a primary pacemaker. This is a key mechanism in critically ill 
patients. Abnormal automaticity is due to myocardial ischemia and hypoxia. 
Tissue damage resulting from ischemia results in altered excitability and impulse 
conduction velocity. Premature depolarization resul ts and may give rise to tachy¬ 
arrhythmias. Clinical conditions that increase risk for developing abnormal auto¬ 
maticity include vascular occlusion, blunt trauma, myocardial dilatation or hy¬ 
pertrophy, and extracardiac factors (vascular occlusion secondary to gastric 

dilatation-volvulus syndrome). 

Triggered activity is similar to abnormal automaticity in that nonautomatic 
tissue attains the ability to self depolarize. Triggered activity is distinct from ab¬ 
normal automaticity in that it must be linked to a preceding normal action poten¬ 
tial. Two types of triggered activity have been described; early afterdepolarization 

(EAD) and delayed afterdepolarization (DAD). Both are related to membrane 

potential oscillation following a normal depolarization. EADs are not fully under¬ 
stood but have been associated with antiarrhythmic drugs (quinidine, procain¬ 
amide, bretylium, sotalol) that increase transmembrane potassium flux. EADs are 

usually associated with a long Q-T interval. Membrane oscillations may be noted 

as a "U” wave on surface ECG. Torsades des pointes is an arrhythmia that is 
noted with EADs. DADs have been described with digitalis class drugs. Both 
EADs and DADs appear to be more frequent in slow pacemaker rate conditions. 




& 


Premature ventricular contractions (PY( 1 are one of the most common 

rhythm disturbances diagnosed in critically ill dogs and cats. Premature ventricu¬ 
lar contractions occur when an area of myocardium below the AV node and 
outside the His bundle becomes hyperexcitable and reaches depolarization 

threshold prior to the SA and AV pacemakers. The depolarization wavefront 

propagates across individual myocardial cells without using the normal conduc¬ 
tion system; this results in a relatively slow electrical transmission velocity 
through the ventricles. PVCs occur in association with a variety of stimuli and 
can be produced by direct mechanical, electrical, or chemical stimulation of the 

myocardium (Fig. 31-1). PVCs may also be secondary to enhanced automaticity, 
triggered automaticity or reentry. 
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Figure 31-1 

Ventricular premature complexes are cardiac impulses initiated within the ventricles 
instead of the sinus node. Mechanisms include increased automaticity and reentry 
VPCs have direct effects on the cardiovascular system and secondary effects on other 

r perfusion. VPCs are also associated with weakness, exercise 


systems because of 

intolerance, syncope, and sudden death. (From Tilley, LR and Burtnick, NL: Electrocar 
diography for the Small Animal Practitioner. Teton NewMedia, 1999.) 




Premature ventricular contractions may occur as isolated complexes, cou 

of sustained or nonsustained ventricular tachycardia 


plets, triplets, or 

(VT). The incidence and frequency of PVCs are potentiated by sympathetic 
nervous system activation, hypoxia, ischemia, acid-hase disturbance, electrolyte 

imbalance, and medications. 


n 


t* 


runs 


The clinical presentation of the animal will depend upon the primary clini 

cal disorder associated with PVCs. PVCs have been observed with gastric 
dilitation volvulus, pancreatitis, SIRS, respiratory insufficiency, trauma, pain, 
hypotension/shock, intracranial lesions, cardiac neoplasia, splenic hemangiosa 

and traumatic myocarditis. Premature ventricular complexes are also 


croma 

commonly observed in animals with cardiac disease, in particular large breed 

dogs (Doberman Pinchers and Boxers and cats with cardiomyopathy. Cats may 

also exhibit PVCs with congestive heart failure, hyperthyroidism, systemic 

thromboembolism, infarction, and aging. 
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Ventricular complexes are relatively easy to recognize on the electrocardio¬ 
gram. They are characterized by temporally premature complexes that demon¬ 
strate wide and bizarre QRS-T conformations and AV dissociation (P waves are 
not associated with the QRS-T complex). Fusion beats and compensatory pauses 

are the hallmark of ventricular ectopy. A fusion beat occurs when an ectopic 

ventricular beat collides with a normal sinus-generated beat below the AV mxle. 
I his collision results in a QRS-T complex that is a fusion of the 2 individual 

beats. Fusion beats are observed less commonly in the cat than the dog. A com¬ 
pensatory pause occurs when the premature ventricular ectopic focus tires and 
prematurely depolarizes the AV node; the sinus-generated P wave of the next 
sinus beat encounters the AV node in a absolute refractory state and is blocked. 
Therefore, the R-R interval produced by the two sinus complexes adjacent to 
the PVC is equal to twice the normally conducted R-R interval. An accurate 
electrocardiograph diagnosis of PVC is important as aberrantly conducted supra¬ 
ventricular arrhythmias (SVT) conducted may mimic PVCs in electrocardio¬ 
graphic appearance. 


Once the diagnosis of PVCs has been established, every effort should be 
made to identify the underlying disorder. A thorough evaluation of the patient’s 
medication history, metabolic status (CBC, biochemical profile, urinalysis, elec¬ 
trolyte status and acid-base analysis), and cardiorespiratory function should be 
performed. Correction of the underlying disorders should occur prior to initiation 
of a specific anti-arrhythmic therapy. 

Short duration '‘rhythm” strips maybe insufficient to correctly diagnosis the 
presence and frequency of PVCs, Therefore these patients may require evaluation 
with a continuous ECG monitor (Holter, telemetry). 


Therapeutic decisions depend upon: 1) whether there is hemodynamic in¬ 
stability due to the arrhythmia; 2) whether PVCs are contributing to clinical 

signs; and V) whether an increased risk of sudden death may be present. 

PVCs not associated w ith hemodynamic compromise or clinical symptoms 

are generally benign and do not require specific anti-arrhythmic therapy. 1 ’rema¬ 
ture ventricular contractions that are associated with hemodynamic instability 

r capillary re¬ 


flow cardiac output, hypotension, oliguria, syncope, weakness 

rill time, pallor, and dyspnea) or in patients with severe underlying heart disease 

require therapy. Heart rate appears to be the most important factor in determin¬ 
ing hemodynamic stability, ECG features which imply electrical instability in- 
elude presence of an R on T phenomena, paroxysms of rapid VT, sustained VT 
w ith a rate > than 160 bpm, and polymorphic PVC’s. The goal of therapy is to 

reduce ectopic ventricular activity rather than completely suppress the ectopic 
focus. 
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Initial management should be directed at identifying and treating coexisting 

disorders (i.e., shock/hypotension) that may contribute to PVC development. 

Non-cardiac bas 


y may include the admtni 


of intravenous 


fiiT?ra»! 




correction of elec 


* 


fluid, blood 

trolyte imb 


supplemental oxygen, 




-TiH 




w d 




Primary antiarrhythmic therapy for PVCs consists of an intravenous bolus 
of lidocaine (1-4 mg/kg repeated a maximum of 3 times in a 10 minute period). 

If successful in converting the rhythm to sinus rhythm or in significantly slowing 

the ventricular rate, a constant rate lidocaine infusion (CRI) at 30 to 80 ug/ 

kg/min is initiated. If lidocaine is unsuccessful, procainamide, (2-15 mg/kg) 

administered intravenously over 20-30 minutes may be used. If both medications 

are unsuccessful, p-blockers (esmolol: 500 ug/kg slow IV bolus, propranolol: 

102-0.06 mg/kg slow IV bolus), quinidine (5-10 mg/kg slowly IV), or magne¬ 
sium sulfate (30 mg/kg slow IV olus, then 210 mg/kg infused over 24 hours) 
is selected. In refractive cases, amiodarone (5 mg/kg IV bolus) may be attempted 
prior to DC conversion. 

A significant number of critically ill patients are documented to have low 
serum levels of potassium and magnesium. Clinically, hypomagnesemia has been 

associated with cardiac arrhythmias in human ICU patients; this has been ob¬ 
served experimentally in the dog. Magnesium sulfate supplementation, either 

an intravenous bolus (30 mg/kg slowly IV up ro 95 mg/kg in a 24 hour period) 

or CRI (5 mg/kg/1 f), can reduce the severity and frequency of arrhythmias. 

Anuarrythmic medications tend to be more efficacious at high normal serum 
potassium concentration (4-5 mEq/l); concurrent Mg supplementation maybe 
required to obtain this serum concentration (see chapter 14). Mg replacement 

therapy should be reduced in the presence of abnormal renal function. 


KB 






Prognosis depends upon the underlying disease process. PVCs secondary to 
systemic disease tend to be self-limiting and will spontaneously resolve in 3 to 
10 day'*. The overall prognosis for these patients is go< if the underlying disease 
process has stabilized or is improving. The prognosis for patients with structural 

heart disease is poor and is related to the ventricular dysfunction. In human 

medicine, an increased mortality has been reported in patients with asymptom¬ 
atic PVCs receiving anti-arrhythnuc medication (encainide, fiecainide, and mor- 

tcmne). 




r ^ 
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Ventricular arrhythmias that are initiated after a pause (i.e., they are not 

premature beats), are regular, are approximately equal to sinus rate (70-150 
bpm), and are classified as idioventricular tachycardia or accelerated idioventri¬ 
cular rhythm (AIR) (Fig. 31-2). They are also referred to as “slow ventricular 

tachycardia” reflecting ECG complex morphology associated with this rhythm 
disturbance. 
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Figure 31-2 

Accelerated bioventricular rhythm is a unique form of ventricular tachycardia charac 
terized by complex morphology dependent on pacemaker locations. Both AV nodal 

and ventricular origin pacemakers may initiate this rhythm. 


# 


AIR is due to enhanced secondary pacemaker automaticity. Clinically, AIR 
is noted when the SA node depi ^tarnation rate slows down to approximately the 
same rate as a ventricular or junctional pacemaker. This results in the cardiac 

rhythm l>einj» controlled by two competing pacemakers (sinus and ectopic tdio 

ventricular). 


i 


# 


i 






w 


This arrhythmia is typically associated with traumatic myocarditis. 1 low 
ever, it may be observed with conditions which predispose to sinus bradycardia 

associated with heart disease (acute myocardial 

infarction), digitalis toxicity, reperfusion of a previously occluded coronary ar 

tery, and following cardiac resuscitation. 


and AV block. In humans, it is 


Because the arrhythmia is secondary to a slowing of the sinus rate, SA or 

or acceleration of the ventricular rate is noted. Morphology of the 
QRS complex depends on the or igin of the ectopic pacemaker. If the ectopic 
pacemaker is at the AV junction, ORS complex tends to have a normal configu 

ration with negative P waves that may precede, be superimposed on, or follow 

the QRS complex. If the ectopic pacemaker is in the ventricles, the QRS com 
plex will be w ide and bizarre, similar in appearance to a VC. Fusion beats are 
frequently noted at the beginning and end of an arrhythmia episode. 


AV block 
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A detailed history, complete physical examination, CRC, biochemical pro 
file, and blood gas analysis is warranted. 




This arrhythmia is generally benign and therapy is rarely indicates due to 
the slow ventricular rate and paroxysmal incidence. Attention should be focused 
on identification and correction of any cofactors (be., hypoxia secondary to pul¬ 
monary contusions or general anesthesia). Often simply increasing the sinus rate 
with atropine suppresses the accelerated idioventricular rhythm. 

Therapy may be consul reed under the following criteria: 1 1 a hemodyn mi- 
cal y unstable patient; 2) when accelerated idiovent iicular rhvthm occurs with 

ventricular tachycardia; 3) when the accelerated idioventricular rhythm begins 

with a premature ventricular complex that has a short coupling interval; or 4) 
if ventricular fibrillation develops as a result of the accelerated idioventricular 
arrhythmia. Specific antiarrhytmic therapy is the same as described for ventricu¬ 
lar tachycardia. 




Prognosis is good as this arrhythmia is self-limiting and has little effect on 

hemodynamic stability. 








i 


.Mil* 


iI-i 






Delayed ventricular conduction occurs when one or more of the His bundle 

branches do not support impulse conduction. Conduction delay occurs 1 ecause 
complete ventricular depolarization in the region with His bundle block requires 
cell -to-cell depolarization. Cell to cell depolarization produces temporal disper¬ 
sion and results in a wide and bizarre QRS complex on electrocardiogram. Aber¬ 
rant ventricular conduction is more likely when a short coupling interval be¬ 
tween a sinus and supraventricular impulse produces a premature beat that 
reaches a bundle branch in its refractory per : 

Left bundle branch block has been associated with cardiac trauma, neopla¬ 
sia, fibrosis, cardiomypathy and congenital detects (subvalvular aortic stenosis) 
in the dog and cat. The left bundle branch is thick and extensive; significant 

damage to the left ventricle must occur to produce a LBBB. LBBB has the poten¬ 
tial to progress into more severe arrhythmias or complete heart block (Fig. 31- 
3). Right bundle branch block has been associated with cardiac trauma, cardiac 

neoplasia, chronic valvular fibrosis, chronic infection with Chagas's disease, 

heartworm disease, acute thromboembolism, cardiomypathy, congenital heart 

disease and hyperkalemia (most commonly observed in cats with urethral ob¬ 
struction) (Fig. 31-4). 
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Figure 31 

Left bundle branch block is a conduction delay or block in both the left posterior 

and left anterior fascicles of the left bundle. A supraventricular impulse activates the 

right ventricle first through the right bundle branch. The left ventricle is then acti 

vated late, causing the QRS to become wide and bizarre. (From Tilley, LR and Burt 
nick, NL: Electrocardiography for the Small Animal Practitioner. Teton NewMedia 

1999.) 
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Figure 31-4 

Right bundle branch block is a conduction delay or block in the right bundle. Branch 
resulting in late activation of the right ventricle. The block can be complete or incom 
plete. (From Tilley, LR and Burtnick, NL: Electrocardiography for the Small Animal 

Practitioner, Teton NewMedia, 1999.) 


axis deviation with large wide S waves in leads I, 11, 111, and AVF. The BBB 

may he continuous (permanent failure of conduction) or intermittent (transient 
failure of conduction) 


ft 


Attention should he focused on identification of any underlying disorders 

or structural heart disease. A detailed history, complete physical examination, 
CBC, biochemical profile, electrolyte status, heartworm test (dog and cat), thy 

roxine concentration (in cats), thoracic radiographs, and echocardiogram are 

warranted. 


Specific antiarrhythmic therapy is not required. Therapy and prognosis are 
dependent upon the underlying cause. 
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Sinus bradycardia (SR) occurs when the SA node discharges at a rate slower 

than expected Fig. 31-5). SB may be the result of decreased rate of impulse 
generation, slowed intranodal conduction, or exit block. SB may be associated 
with a physiologic response, secondary to medications, or as a pathologic process 
Physiologic SB is a normal response to increased parasympathetic tone and de 
creased sympathetic tone (i.e., during sleep). Medications including (3-blockers, 

calcium channel Mockers, narcotics, barbiturates, inhalant anesthetics, Jigoxin, 
IV contrast agents, or anticholinesterases have been associated with SB. Condi 
tions predisposing to SB include gastrointestinal (e g., intestinal obstruction, 
obstructive jaundice, vomiting , central nervous (e.g., meningitis, elevated ICP, 

intracranial tumors), genitourinary (e.g,, urethral obstruction), respiratory (e.g. 

lower airway obstruction) and pharyngeal (e.g ., brachycephalic syndrome) disor 

ders. Infiltrative neoplastic or inflammatory disease, hypothermia, electrolyte im 

balance (hyperkalemia), and endocrine disorders (hypothyroidism, hypoadreno 
cortism) also predispose to SB. 
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Figure 31 

Sinus bradycardia is a regular sinus rhythm with a heart rate below normal discharge 

rates. Heart rates of 60-70 bpm may be normal for large breed dogs. In cats it is of 
ten associated with a serious disorder that warrants treatment. (From Tilley, LR and 


NewMedia, 1999.) 
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SB is rarely associated with clinical signs. Exercise intolerance, lethargy* 
anorexia, or epistxiic weakness has been reported in cases demonstrating SB and 

intercurrent cardiac disease. 




SB is diagnosed when heart rate is less than 140 bpm in a cats, less than 

60 bpm in a large breed dog, or less than 90 bpm in a small breed dog, 






r 


4 




•i 


Once a slow heart rate has been identified on thoracic auscultation, a 12 
ead EGG or lead II strip is used to confirm Sib 




ri 


iTe majority of animals with SB are asymptomatic and do not require spe¬ 
cific therapy. Management of drug-associated SB consists of removal or hastening 

elimination of the primary medication, supportive therapy (intravenous fluids, 
alleviation of hypothermia, correction of electrolyte imbalances and use of spe¬ 
cific antidotes). 

Treatment of symptomatic SB is directed to the underlying cause. Interven¬ 
tion may be required in cases under general anesthesia or sedation. Decreasing 
the depth of sedation/anesthesia may correct SB, If this maneuver is unsuccessful, 

a parasympatholytic drug such as atropine sulfate (0.02 to 0.04 itig/kg 1M or IV) 
or glycopyrrolate (0.005 to 0.1 mg/kg IM or IV) is administered to increase heart 

rate and maintain cardiac output. 


31 






1 




Sinus block is recognized by a pause in the normal sinus rhythm. The block 

is due to a conduction disturbance during which an impulse formed within the 

sinus no, e fails to depolarize the atria or does so with a delay. Sinus arrest is 
defined as a complete loss of SA node automaticity (Fig. 31-6). Either condition 
may produce loss of atrial depolarization and ventricular asystole if secondary 

pacemakers do not initiate depolarization. Sinus arrest and block are associated 

with vagal stimulation, medication (digitalis, [1-blockers, class la anti-arrhyth- 

mics), sinus node disease (sick sinus syndrome), ;md vagovagal reflexes. Brachy- 

cephalic breeds with respiratory deformities appear to be at increased risk. It is 
relatively uncommon in cats. 
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Figure 31*6 

Sinus arrest is a normal sinus rhythm interrupted by an occasional prolonged failure 
of the sinoatrial node to initiate an impulse. Sinus block is a conduction disturbance 


* 


sinus rhythm is interrupted by an occasional prolonged failure of 


in 


the impulse generated by the sinoatrial node to reach the atria. With prolonged! 
pauses, episodes of low cardiac output may occur. (From Tilley, LR and Burtnick, NL: 

Electrocardiography for the Small Animal Practitioner. Teton NewMedia, 1999.) 


Syncopal epistxJes characterized by weakness* lethargy* collapse, and tempo 
rary loss of consciousness are noted with prolonged Hock periods 


Periods ot electrical inactivity may he equal to a regular P-P interval (SA 
block) or greater than two P-P intervals (SA arrest). Sinus rhythm predominates; 

In the presence 

of a sinus arrhythmia, differentiation of sinus arrest from sinus block may be 

difficult without the use of a 12 lead diagnostic ECG or direct sinus node record 

ings. 
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«< 


fa 






f 


tf 


Diagnostic evaluation should be directed towards identification and 
tion of the underlying disorder. 
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Therapy tor symptomatic animals is the same as described tor sinus brady 

or isoproterenol (0.04 to 0.08 ug/kg/ 
minCRI) may also be used for short-term therapy. Artificial pacing is the therapy 
of choice in animals with symptoms that are unresponsive to medical manage 

merit. 




cardia. Terbutaline (2.5 mg PO T.I.D.) 


j 






if the underlying cause is determined and effectively man 




Prognosis is g 

aged. Pacemaker implantation is highly successful in cases that have no intercur 
rent heart disease. 








I 


Atrial standstill occurs when the atria fail to depolarize following a SA 
nodal generated impulse (Fig. 31-7). The atria do not respond appropriately (ab 
sence of P waves) and the impulse spreads through specialized intemodal path 

ways to the AV node. Atrial standstill may be related to AV nodal disease or 
associated with metabolic disorders including hypoadrenocorticism, urinary ob 
struction, renal failure, or severe metabolic acidosis. It may also be due to inher 
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Figure 31-7 

Atrial standstill is characterized by an absence of P waves and by a regular escape 

rhythm with a supraventricular-type QRS. The condition can be temporary (associated 
with hyperkalemia or drug induxed), terminal (associated with severe hyperkalemia 

or dying heart), or persistent. Hyperkalemic patients with atrial standstill have sinus 
node function, but impulses so not cause atrial myocyte activation. Persistent atrial 
standstill is caused by inherited atrial myopathy. (From Tilley, LR and Burtnick, NL: 
Electrocardiography for the Small Animal Practitioner. Teton NewMedia, 1999.) 
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IV I Cardiovascular Disorders 






ited atrial myopathy in the dog or atrial distension secondary to cardiomyopathy 

in the cat. 








Episodic weakness and syncope are noted in the history. There may he no 

current symptoms exhibited on physical examination. 




Atrial standstill is characterized by a slow regular rhythm (heart rate <60 
bpm) and the absence of a P wave in any ECG lead. QRS complexes have normal 
morphology if the animal has persistent atrial standstill. But they may become 

wide in severe hyperkalemia or bundle branch blocks. 






T*- 


Diagnostic evaluation should be directed toward ruling out the presence of 

hyperkalemia. Once hyperkalemia has been ruled out, patient evaluation should 

be directed towards identifying structural heart disease using echocardiography 
and thoracic radiographs. 


Emergent therapy is required in animals with ECO changes sec¬ 
ondary to hyperkalemia (see chapter 14). Administration of 10% calcium gluco¬ 
nate (0.5 to 1.0 ml/kg) as a slow IV bolus (10 to 20 minutes) is indicated in 

life-threatening situations. Once the cardiac rhythm has stabilized, therapies that 

lower the serum potassium concentration, such as intravenous glucose (0.5 to 1 

g/kg), may be initiated. Regular insulin (0.06 to 0.2 U/kg) or sodium bicarbonate 

(1 to 2 mEq/kg) may be administered if the serum potassium does not satisfacto¬ 
rily decrease with the intravenous glucose. Definitive therapy should also be 

initiated once the animal is stable (intravenous fluids and corticosteriod therapy 
for hy, oadrc i uKorti na). 








#:• 


The prognosis for atrial standstill is good if the underlying disease is identi¬ 
fied and is responsive to therapy. Animals with persistent atrial standstill will 
require a pacemaker as pharmacologic therapy is of limited value in these ani¬ 
mals. 




Sick sinus syndrome (SSS) is a term used to describe a constellation of 

ECG abnormalities associated with the sinoatrial node. These abnormalities re¬ 
sult from inadequate impulse formation or conduction in the SA node and 
surrounding tissue in conjunction with an inappropriate autonomic tone (Fig. 
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Figure 31-8 

Sick sinus syndrome is a term given to a number of ECG abnormalities of the sino 

atrial (SA) node including severe sinus bradycardia and severe sinus block. The major 
ity of these patients also have coexisting abnormalities of the AV junction and/or 

bundle branches. (From Tilley, LR and Burtnick, NL: Electrocardiography for the Small 
Animal Practitioner. Teton NewMedia, 1999.) 


31*8). The anatomic basis of SSS may reflect total or subtotal destruction of the 

sinoatrial node, areas of nodaUa trial discontinuity, inflammation or degenerative 
changes of the nerves and ganglia surrounding the node, and pathological 
changes in the atrial wall. Occlusion of the SA nodal artery may also be mipor 

rant. I his syndrome has been noted in Cocker Spaniels, Vest Highland White 
Terriers, and female miniature schnauzers. SSS has not been documented in the 


cat. 


Syncope is the most common complaint and is associated with pauses of 
at least 8 seconds in length. 








r 




The diagnosis of SSS is based on signalment, history, and abnormal electro 
cardiographic findings. ECO abnormalities may consist of the following; 1) se 
vere and persistent sinus bradycardia (not induced by drugs); 2) severe sinus 

bradycardia alternating with rapid ectopic supraventricular tachycardia (atrial 

fibrillation or flutter); 3) AV junctional escape rhythm with or without slow and 
unstable sinus activity; and 4) sinus block with or without escape beats. During 
long periods of sinus block, latent AV junctional pacemakers may fail to pace 
the heart and periods of cardiac standstill will result. These ECO features may 

be captured on a lead II ECG rhythm strip, but extended Hotter monitoring (24 
to 48 hours) may be required to make the diagnosis. 


■# 


Medical therapy is usually unsuccessful Theophylline can be useful to re 

duce the time between pauses. In animals with the bradycardia-tachycardia syn 

m 

drome, pacing for the hradyarrhythmias combined with drug therapy for the ta 

chyarrhythmia is required. 
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Prognosis depends on therapeutic response. Animals with severe bradyar 
rhythmias tend to demonstrate significant clinical improvement when artificially 
paced 


Atrioventricular (AV) block exists when there is a delay or complete block 
of atrial impulse conduction at a time when the AV node is not physiologically 
refractive. AV block may be associated with either intrinsic disease or the con 
duction system or extrinsic factors acting on the conduction system. In the criti 
cal care setting, the majority of these arrhythmias are due to extrinsic factors 


First'degree AV block occurs when there is a delay of the 

atrial impulse conduction through the AV node producing a long P-R interval 

Every atrial impulse is conducted through to the ventricles (Fig. 31-9). It has 
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Figure 31-9 

First degree atrioventricular block is delay in conduction of a supraventricular im 
pulse through the atrioventricular junction and bundle of His. (From illey # LR and 
Burtnick, NL: Electrocardiography for the Small Animal Practitioner. Teton 

NewMedia, 1999.) 
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Arrhythmias in Critical C 

been associated with older patients (especially Cocker Spaniels and Dachs¬ 
hunds), young puppies and brachycephalic breeds. It is also observed with potas¬ 
sium imbalance, reflex vagal stimulation or high vagal tone, hypothyroidism, 

protozoal myocarditis, and certain medications (digitalis, propranolol, quinidine 

and procainamide). In cats, first-degree heart block is the most common ECG 

abnormality noted with idiopathic myocardial failure. 

First-degiee AV block is generally asymptomatic. 
First-degree AV block is an electrocardiographic diagno&is 

There is a regular sinus rhythm and a P wave for every QRS-T complex. The 

only abnormality observed is prolongation of the P-R interval (dogs >0.13 sec 
cats > 0.09 sec) in the presence of a normal sinus rhythm. 

A detailed history, complete physical examination 
CBC, and biochemical profile are warranted in each case. Attention should be 
focused on identification and correction of the reversible causes. Medications 
electrolyte imbalances, and increased vagal tone are common causes. 

Therapy i> not necessary in most cases. 1: the A V block o due 

to certain medications (i.e., anti-arrhythmic drugs), their dosage should be re¬ 
evaluated. 
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Second-degree atrioventricular block is characterized by intermittent failure 
of AV conduction. 


Second-degree atrioventricular block may be subclassified into 
Mobitz I (Wenckebach) and Mobitz type II AV block. The two types differ in 

the location of the AV nodal conduction disturbance; Wenckebach block occurs 
in the AV node and Mobitz type II within or below the bundle of His (in- 

fra nodal) 
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Mobitz type I is secondary to disorders with increased vagal tone (see sinus 

bradycardia) or medications which depress AV nodal conduction (i.e., morphine 

derivatives, digitalis, B-blockers and calcium channel blockers) (Fig. 31-10) 

Mobitz type II is associated with organic heart disease. Mobitz type II is often 

associated with conduction system disease (idiopathic fibrosis, hereditary HP 

stenosis in Pugs, myocarditis secondary to Lyme’s disease, ehrlichiosis, or 

cardiac neoplasia) or electrolyte abnormality (Fig. 31-11). Medications such as 
low dose intravenous atropine, digitalis, diltiazem, propranolol, and lidocaine 

may all result in either Type I or 11 second-degree heart block. Second-degr 

atrioventricular block is often observed in cats with hyperthyroidism or cardio 
mypathy. 
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syncope, or congestive heart failure. 
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Figure 31-10 

Second degree atrioventricular bfock is characterized by an intermittent failure or dis 
turbance of AV conduction. One or more P waves are not followed by QRS-T com 

plexes. Second degree block can be classified as Mobitz type I (Wenkebach) and Mob 

itz type II. Thje classification cam be further defined by QRS duration; and type B 

(lesion below the His bundle) with a wide QRS complex. (From Tilley, LR and Rurt 
nick, NL: Electrocardiography for the Small Animal Practitioner. Teton NewMedia 

1999.) 
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Figure 31-11 

Second degree AV block, Mobitz type II can be more frequent and severe because 

the block is unpredictable. (From Tilley, LR and Burtnick, NL: Electrocardiography for 
the Small Animal Practitioner. Teton NewMedia 
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Arrhythmias in Critical C 

A history and complete physical exam is performed 

to identify if an underlying cause may be present. Laboratory test may include 

a CBC, biochemical profile, serum thyroxine concentration (cats), and serum 

tick titers. Diagnostic imaging may include thoracic radiographs and or cardiac 
i Itrasound. 
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Conduction abnormalities may be noted on a lead II ECG 
rhythm strip, but Hotter monitoring may be needed to establish a diagnosis. 

Mobitz type I block is characterized by a progressive prolongation of the 

P-R interval with successive beats until a P wave is blocked. The QRS complex 

is normal duration as the conduction disturbance is above the His bundle bifurca¬ 
tion. This may be a normal ECG finding in young dogs; those with increase 

vagal tone or a sinus arrhythmia. 

Mobitz type 11 block is characterized by block that has a constant P-R 
interval. A fixed ratio of conducted to non-conducted impulses through the AV 
node is noted (2:1, 3:1, 4:1 AV block). The QRS complexes often demonstrate 
abnormal morphology because the conduction block occurs below the His bundle 
bifurcation, f ligh-grade or advanced second-degree heart block occurs when two 

or more consecutive P waves are blocked. 

Clinically, it is important to differentiate between the two sub lattes of 
second-degree block. Mobitz type II is a more serious condition as the frequency 

and severity of the AV block is increased. 

- Therapy for Mobitz type 1 is usually not indicated. Elect roly r 

status should be evaluated and medications that prolong AV nodal conduction 

discontinued. Periodic ECG monitoring is advised to monitor the severity of the 

AV block, 

Mobitz type II second-degree AV block may require therapy if the animal 

is symptomatic. Suppression of ventricular escape complexes is contraindicated. 
Medical management with sympathomimetic agents (i.e., isoproterenol 0.02 to 
0.04 ug/kg/min or dopamine 2 to 7 ug/kg/min) or parasympatholytic drugs (atro¬ 
pine sulfate 0.02 to 0.04 mg/kg or glycopyrrolate 0.005 to 0.01 mg/kg) may be 

attempted; however, they rarely enhance AV conduction and reverse clinical 
signs. Judicious use of furosemide (1 to 2 mg/kg IV or IM) may he warranted if 

there is pulmonary edema or ascites. Definitive therapy for long-term manage¬ 
ment is a permanent cardiac pacemaker. 

1 ie prognosis is related to the underlying disorder. Dogs with idio¬ 
pathic heart block and pacemaker implantation tend to do well. The prognosis 

in animals with structural heart disease is guarded to poor. 
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Complete AV heart block occurs when all atrial impulses are blocked at 

the atrioventricular node or His bundle. An independent ventricular pacemaker 

coordinates ventricular depolarization. As a result the atria and ventricles are 

controlled by independent pacemakers (Fig. 31-12 . 
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Dog 


Figure 31-12 

Third degree AV block. The cardiac impulse is completely blocked in the region of 

the AV junction and/or all bundle branches. The atrial rate (P-P interval) is normal 
The idioventricular escape rhythm is slow. (From Tilley # LR and Burtnick, NL: Electro¬ 
cardiography for the Small Animal Practitioner. Teton NewMedia, 1999.) 




I bird degree heart block tends to be associated with organic 

heart disease. Idiopathic myocardial fibrosis in older dogs (especially Cocker 
Spaniels), infiltrative cardiomypathy (amyloidosis or neoplastic) and congenital 

defects ( aortic stenosis or ventricular septal defects) may he predisposing factors. 

Complete heart block may be observed secondary to severe digitalis toxicity, P-2 

adrenergic dmgs (xylazine, rnedetoniidine), endocarditis, infectious myocarditis, 
myocardial damage, and hyperkalemia. 


ion. Exercise intolerance, weakness, syncope, seizures, or 

congestive heart failure can accompany complete AV bh>ck. The magnitude of 

clinical signs will depend upon the rate of the idioventricu ar escape rhythm. 
Complete AV block should always he considered an emergency due to possibility 

of sudden death. 


- 


, There is complete atrioventricular dissociation (i.e., P waves 

have no association with the QRS complexes). The P-P interval and the R*R 

intervals are relatively constant; therefore a slow 

rhythm with a more rapid atrial rate will be present. Ventricular rate depends 

on the latent pacemaker location. Escape rhythms associated with the AV junc 

turn tire faster and more reliable (dogs 40—60 bpm and cats 60-100 bpm) than 
those associated with the ventricles (heart rate less than 40 bpm t. The AV 

Copyrighted material 


regular ventricular escape 





























































I 


Arrhythmias in Critical 

pacemaker location will also influence QRS morphology; QRS complexes origi 
nating below the His bundle bifurcation will be wide and bizarre. 


ion. Diagnostic evaluation should be directed toward 
identifying underlying factors including systemic disease, cardiac abnormality, 

or medications. A complete physical examination, detailed history, CBC, bio 
chemical profile, thoracic radiographs, and echocardiogram can help to deter 

mine the underlying cause and exclude extracardiac variables. 


Medical therapy has a limited role in third-degree heart block 

but it may be useful in emergent situations until cardiac pacing can be initiated. 
Atropine and isoproterenol are used for temporary management of medically 

responsive cases. Both medications can increase SA node activity and improve 

conduction through the AV node. Terbutaline (2.5 to 5 mg/kg P.O.) has been 

also suggested in refractive cases. 

Permanent pacemakers are the only reliable therapy for symptomatic brady 

arrhythmias. Temporary pacemakers may be required for emergent use to stabilize 

the patient until a permanent pacemaker may be implanted. 


Prognosis. Prognosis is related to the underlying disorder. Following pace 
maker implantation, dogs with idiopathic heart block tend to clinically improve 
with marked resolution of clinical signs. The prognosis in animals with structural 
heart disease is related to the underlying cause and tends to be guarded to poor. 








Pulseless electrical activity (PEA), formerly referred to as electromechanical 
dissociation EMD), is characterized by organized electrical activity without ef¬ 
fective myocardial contraction (Fig. 31-1 1 ). fhe term PEA was adopted to more 

accurately identify a heterogeneous group of arrhythmias including pseudo-EMD, 
ventricular escape rhythm, post-fibrillation idioventricular rhythm, and brady 
asystolic rhythm. 
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Figure 31-13 

Pulseless electrical activity is characterized by sinus origin complexes that demon 
strate QRS widening and 5-T segmental baseline changes reflecting myocardial isch 

emia. Absence of mechanical activity in conjunction with electrical signalling is the 

hallmark of this disorder. 
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PEA represents failure of organized electrical depolarization to produce syn¬ 
chronous mvocardial contraction. I ss of electromechanical coupling may 1-e 
due to abnormal intracellular calcium metabolism, intracellular acidosis, or aden- 

osine triphosphate depletion. 

PEA is often associated with hypovolemia, hypoxia, metabolic acidosis, 
hyper/hyi tkalemia, : lypothermia, cardiac tamponade, tension pneumothorax, 
coronary or pulmonary thrombosis, and drug overdoses. In humans, the most 
common PEA etiology is prolonged cardiac anest or end-stage heart disease. 
Cardiac arrest associated PEA appears to be the more common clinical presenta- 

tion in veterinary medicine. 








Clinical presentation is compatible with cardiac arrest. Apnea, cyanosis, 

non-palpable pulses or audible heart sounds, and pupillary dilation are noted. 
PEA is often noted as part of the physiologic process of dying. 




nr> 


The presence of organized electrical activity other than VT or VF on elec¬ 
trocardiography with absence of a detectable pulse are the hallmark signs of PEA. 




Every effort should be made to identify the initiating cause of the cardiac 
arrest (i.e., hypovolemic shock, hypoxia, tension pneumothorax) by performing 
an abbreviated physical examination and quick assessment tests (PCV/TS, blood 

gas, and electrolyte analysis) during resuscitation. 


Aggressive therapy for cardiac arrest is warranted in those animals not ex¬ 
pected to die. Initial therapy includes intubation, ventilation, cardiac massage, 

intravenous fluids, identifying the PEA pattern on ECG, and administration of 
resuscitation drugs (see Chapter 30). Specific PEA therapy should be targeted 

towards identification and correction of the underlying causes (i.e., hypovo¬ 
lemia, cardiac tamponade, tension pneumothorax, or pulmonary embolism). 

Nonspecific therapy includes administration of epinephrine (1ml/ 5 kg IV or 1 

ml/ 2.5 kg IT) and atropine (1 ml/5 kg IV or 1 ml/ 2.5 kg IT). Naloxone (0.02 

mg/kg to 0.1 mg/kg IV), dexamethasone sodium phosphate (2 mg/kg IV), and 

calcium (calcium chloride 500-1000 mg/kg IV or calcium gluconate 1 ml/10 

k^) are secondary rescue medications. 


a mi h 


The experience to date in veterinary medicine has been that PEA is poorly 

responsive to resuscitation. 
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Sinus tachycardia is a frequently noted rhythm in critically ill pat tents (Fig. 
31-14). Sinus tachycardia is diagnosed when all criteria for sinus rhythm are 
present hut the heart rate is faster than species normal (dog > 200 bpm, cats 

230 bpm). There is an overlap between sinus rhythm and sinus tachycardia; 

co-existing factors as well as heart 


classification is determined by 


* 


in many cases 

rate. 


Sinus tachycardia is generally associated with sympathetic nervous system 
activation. Excitement is a common 


underlying cause in healthy animals. Possi 


sion, (shock)* anaphylaxis, hypoxemia, hypercapnia, cardiac tamponade, heart 
failure, pain, hyperthyroidism, and anesthetic emergence. 




Animals with sinus tachycardia may be clinically asymptomatic or demon 

strate symptoms associated with their primary disease. Cases of heart failure and 

hypoxemia will demonstrate clinical signs of their primary disease and have 
persistent high heart rate. Cases that have noncardiac reasons for sinus tachycar 
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Figure 31-14 

Sinus tachycardia is a regular sinus rhythm with a heart rate above normal discharge 
rates. Ocular pressure produces only a gradual transient slowing of the heart rate, if 
and change at all. (From Tilley, LR and Burtnick, NL Electrocardiography for the 
Small Animal Practitioner, feton NewMedia, 1999.) 
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IV I Cardiovascular Disorders 






dia have transient elevation in heart rate that normalizes with passage of r.he 
acute phase of the underlying disorder. 






Electrocardiographic criteria for sinus rhythm are present. Sinus tachycardia 
is distinguished by a rate greater than expected for the clinical situation. There 
is no clear cut off point between sinus rhythm and sinus tachycardia. 




Tm 


The major differential diagnosis for sinus tachycardia is supraventricular 
tachycardia. The two arrhythmias may look identical on ECG. Supraventricular 

tachycardia is differentiated based on a heart rate that is too fast for the clinical 
situation, nonresponsiveness to vagal maneuvers (carotid sinus massage, ocular 

pressure), and documented heart disease. 




u 


*1 


Treatment is generally focused on the underlying reason for sinus tachycar¬ 
dia. Primary ith> I location of heart rate without correction of the ui Jer lying cause 

is contraindicated. 




r l W 7A1 


Prognosis is generally good unless the underlying cause cannot be managed. 




iltiMTlMM 




11J 


Supraventricular tachycardia (SVT) is generally noted in dogs secondary 
to organic heart or serious systemic disease states. 




SVT can originate from atrial myocardium or AV junctional tissue (Fig. 
31'15). Most often, SVT is a reentry class arrhythmia, but automatic SVT has 

been reported in humans. A reentry pathway produces a sustained “pacemaker 5 * 

producing a constant heart rate and QRS-T complex on ECG. Automatic SVT 
may have an irregular rate and ECG appearance. 




SVT <250 beats per minute is generally asymptomatic. SVT >250 beats 

per minute produces clinical signs of weakness and collapse associated with insuf¬ 
ficient diastolic filling time. Physical findings include poor pulse quality, dimin¬ 
ished mucous membrane color, and altered level of consciousness. 
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Junctional Tachycardia 


Figure 31-15 

Supraventricular tachycardia is a rapid regular rhythm originating from an atrial site 

other than the sinus node, (From Tilley, LR and Burtnick, Nl: Electrocardiography for 

the Small Animal Practitioner, Teton NewMedia, 1999.) 


SVT is generally noted as normal electrical complex morphology that oc 

curs at a higher rate than sinus rhythm. It may occur in U bursts” or may be 
sustained in duration. The R-R interval is constant in most cases, i he QRS 

complexes are narrow and upright in lead II P waves may or may not accompany 
each QRS complex. If present* P waves may be either positive or negative in 

lead 11 


Ech^>cardiographic examination reveals normal end-systolic diameter* very 
small end-diastolic diameter* and a decreased shortening fraction. 


SVT is a medical emergency in cases presenting with weakness and collapse 

Emergency treatment includes ocular pressure (vagal reflex maneuver) and pre 
cordial thump. Precordial thump appears to be more successful in creating and 
sustaining cardioversion 
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Several drugs have been successful in converting S\ r to sinus rhythm. 
Calcium channel blockers including verapamil (0.05 mg/kg boluses given over 

3-5 minutes up to three doses) and diltiazem (0.05-0.25 mg/kg IV over 5 min¬ 
utes) are effective for acute management. (3-blocking drugs propanolol (0.02 mg/ 
kg slow bolus IV up to 0.1 mg/kg total dose) and esmolol (0.25-0.5 mg/kg slow 

bolus IV plus 50-200' pg/kg/min CRI) may be used for cardioversion and control 

except in documented myocardial failure. Class I antiarrhythmic drugs (quini- 
dine, procainamide) mat be u - ed in automatic origin SVT. Synchronized cardio¬ 
version may be used in hemodynamically unstable patients that are refractive 
to medical management. 

Chronic SVT management may be achieved with [3-blocking drugs, calcium 

channel blocking drugs, or digoxin. Oral administration of propanolol or atenolol 

(0.5-2 mg/kg) is used for chronic management. Oral diltiazem (0.5-3 mg/kg q 

8 h) may also be used for ventricular rate control. Digoxin is used in cases refrac¬ 
tive to calcium channel and 1 eta blocking drugs. 




The prognosis is based on the underlying medical disorder and response to 
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Atrial fibrillation (AF) is caused by numerous reentrant impulses creating 
rapid, disorganized atrial depolarization (Fig. 31-16). By definition, AF is de¬ 
scribed as >350 atrial depolarizations/minute; this may exceed 500 depolariza¬ 
tions per minute in some cases. The depolarization process is self-propagating 
due to constant regional repolarization allowing successive depolarization cycles. 

In AF, the AV node is under constant impulse bombardment; it conducts im¬ 
pulses based on its own electrophysiologic state at any instant in time. Ventricu¬ 
lar depolarization occurs only when the AV node is physiologically capable of 

impulse transmission. This feature contributes to the “irregular irregularity* in 

cardiac rhythm associated with AF. 

Constant disorganized depolarization produces poor atrial contraction. Poor 

atrial contraction and elevated ventricular rate render the patient at increased 

risk for developing congestive near! failure. Poor atrial contraction also contrib¬ 
utes to retarded blood flow through the atrium. This predisposes to flow stagna¬ 
tion causing aberrant coagulation and possible thromboembolism. 
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Many AF patients present with clinical signs of syncope or congestive heart 


failure 
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Figure 31-16 

Atrial fibrillation is caused by numerous disorganized atrial impulses frequently bom 
barding the AV node. (From Tilley, LR and Burtnick, NL; Electrocardiography for the 
Small Animal Practitioner. Teton NewMedia, 1999.) 


A key physical finding is an irregular heart rhythm on cardiac auscultation 

described as “teitnis shoes in a dryer”. Simultaneous pulse palpation reveals in 
consistent pulse strength and character. 


AF has several key findings on ECG tracing. An irregular atrial and ventric 
ular rate is evident. Normal P waves are replaced by small amplitude oscillations 
referred to as “f” (fibrillation) waves. QRS complexes vary in amplitude. They 
may he normal or wide and bizarre in configuration (due to bundle branch disease 

or pre-excitation). The R-R interval is inconsistent between any two complexes 

and does not exhibit a reproducible interval 


Treatment is directed at managing coexisting congestive heart failure and 
slowing ventricular rate to increase cardiac output. Treatment goals include re 
ducing vent ricular rate to < 160 beats/minute using drugs that prolong AV nodal 
refractory period. Digoxin, fi-adrenergic blocking drugs, and diltiazem are com 
monly used for therapy. Digoxin is used as the initial drug in a slow digitalization 
protocol. It ventricular rate is not below targeted level following therapeutic 
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doses, either piopanolol (0.1 -0.2 mg/kg q 8H) or diltiazem (0.5-1.5 mg/kg q8H) 

is supplemented for rate control. In cats with hypertrophic cardiomyopathy, dilti 

azem or atenolol are used for initial management. Digoxin is added if heart rate 
remains high. Quinidine has been used for AF cardioversion in dogs wii h limited 

success. In humans, cardioversion is successful in AF management; unfortunately 

it has not demonstrated long-term success in dogs and little evidence exists in 
cats. 


Prognosis is guarded to poor in all cases. The origin of AF and extent of 
clinical signs are key factors in establishing the prognosis. 


i 


* 




* 


# 


controlled hy independent pacemaker sites. The term isorhythmic AY iissocia 
tion (1AVD) is used when the depolarization rate of the atrial pacemaker and 

ventricular pacemakers occur in approximately a 1:1 ratio (Fig. 31-17). Thus* 

a P wave and a QRS-T complex are present in approximately equal number hut 
are not consistently linked in a temporal relationship. Both atrial and ventricular 

depolarization rate occurs at a higher rate than normal in these cases. 

The pathogenesis is not completely understood. IAVD is most commonly 
seen in cats. Pre-existing factors include primary cardiac disease, general anesthe 

sia, calcium-channel blocking drugs, and electrolyte or acid-base abnormalities. 
It has also been noted in dogs with digitalis class drug toxicity. In some cases 
high AV nodal depolarization rates will decrease atrial tilling to the ventricles 
and diminish cardiac output. 


1 


Presentation may range from asymptomatic to overt signs of congestive 
heart failure. Weakness, syncope, and collapse may be noted 
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Figure 31-17 

Isorhythmic atrioventricular dissociation (nodal tachycardia). 
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Consistent P wave and QRS-T complex activity is noted. Amplitude of all 

waveforms may be normal or slightly widened, indicating delayed depolarization. 

Inconsistent relationship between the P wave and QRS-T complex is obvious 
on ECG rhythm analysis. 


Rate control with (^-adrenergic blocking drugs is indicated if clinical signs 
are noted. Magnesium has been used in humans with moderate success. Manage¬ 
ment of underlying heart disease is warranted and is the likely reason for success¬ 
ful management. 




•QWlfi 


Prognosis depends on the underlying reason for the arrhythmia. It varies 

from good in anesthesia to guarded/poor in primary myocardial disease. 




h 


•icm 




Ventricular tachycardia (VT) is defined as three or more ventricular prema 

cure beats in succession (Fig. 31-18). 


VT is associated with abnormal automaticity secondary to injured myocar¬ 
dial tissue, microreentry secondary to abnormal myocardium, or primary 
triggered activity. VT can be uniform or multiform. Uniform appearing com¬ 
plexes suggest one focus of impulse generation; multiform appearing complexes 

indicate several sites of impulse generation. Multiform complexes are often 
referred to as multifocal. Multifocal complexes may originate in anatomic prox¬ 
imity to each other and take different depolarization pathways. Differences in 

complex appearance are associated with site of impulse generation and the con¬ 
duction pathway from site of origin. In dogs, the most common reason for VT 
is believed to I ♦ abnormal automaticity modulated by the autonomic nervous 
system. 




Clinical signs associated with VT depend on the ventricular rate, duration 

of the tachycardia, and underlying disease. VT in dogs without underlying myo¬ 
cardial disease does not produce clinical signs unless additional compromise (an¬ 
esthesia, systemic disease) is present. VT greater than 250 beats/minute results 

in a decreased cardiac output, hypotension, and syncope. 

Cardiac auscultation may reveal sudden acceleration of heart sounds that 
occur for short intervals. If sustained VT is present, a rapid heart rate will he 

evident. 
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Figure 31-18 

Ventricular tachycardia is three or more VPCs in succession resulting from stimulation 

or sustained. Potentially life 

threatening, it usually signifies important myocardial disease or metabolic derange 
ment. (From Tilley, LR and Burtnick, NL: Electrocardiography for the Small Animal 

Practitioner. Teton NewMedia, 1999.) 
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1 


VT complexes differ from regular complexes in morphology, rate, regularity, 
and duration on scalar ECG. Ventricular rate is highly variable ranging from 

70-500 beats per minute. VT may occur for variable time periods. VT less than 

30 seconds is generally classified as nonsustained VT; greater than 30 seconds 
is sustained VT. In general, VT is considered to be a “wide complex” arrhythmia 
with a QRS duration >0.12 seconds. Morphology of the ventricular complex ^ 

in part, due to site of impulse generation. Complexes may be uniform in appear 

ance reflecting a single site of impulse generation, or irregular in appearance 
indicating a multiform VT. R-R interval may be constant or irregular. Atrial 
depolarization may continue in a normal manner during VT periods. In many 

P waves will be obscured on scalar ECG due to the amplitude of ventricular 


A 


complexes. 


Torsades des pointes” (turning around the points is a variant of V char 
acterized by phasic changes in the amplitude and polarity of the ventricular com 

plexes. This arrhythmia is often associated with a prolonged Q'T interval. A 
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Arrhythmias in Critical C 

variety of drugs including antiarrhythmic agents (quinkline, procainamide), anti¬ 
microbial agents (erythromycin, pentamidine), and psychotropic drugs (haloper- 

idol, phenothia 2 ines) have been associated with this rhythm. Electrolyte distur¬ 
bances characterized by deficiency in calcium, magnesium, or potassium have 

been associated with this arrhythmia. 
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Criteria for therapeutic intervention in VT are based on the underlying 
disease process, frequency of VT occurrence, and additional physiologic compro- 
mise that may be present (Table 31-1). Several authors note that this arrhythmia 
is generally “over managed” in ICU settings due to a fear that it will deteriorate 

into life threatening terminal arrhythmias such as ventricular fibrillation. There 

is no evidence to support this belief. In fact, most VT subsides as the underlying 
cause is corrected. Generally this occurs over a 48-72 hour period. Recommen¬ 
dations are consistent with published standards collated in human medicine. 

Lidocaine is the primary drug used in VT management. It is generally given 
as an intravenous “bolus” (2-4 mg/kg) followed by a constant rate infusion (30— 
(SO |lg/kg/min). Other Class I antiarrhythmic drugs (quinidine, procainamide) 
have also been successfully used in management. Correction of the underlying 
factors ielectrolytes, acid-base balance) play a key role in \ Y management. In 

with underlying myocardial disease, Class III antiarrhythmic drugs (amio- 
darone, sotalol) and P-adrenergic blocking drugs have been used to prevent VT- 

associated sudden death. In cases demonstrating “torsades des pointes,” therapy 

is based on the Q-T interval. Cases with normal Q-T interval are managed with 

lidocaine bolus and infusion. Cases with prolonged Q-T interval will require 

magnesium iniusion as a primary therapy (see PVC therapy section) 

Hemodynamically unstable VT in the cat is acutely managed with an intra- 




w m 


n 


Mil 


i in 


4 i i 


Surveillance _ 

Lower risk for developing sudden death 

Unifocal VT 


At risk for developing sudden death 

Multifocal VT 
"Torsades des pointes* 

30 seconds in duration 

VT rate greater than 250 bpm 

Underlying cause is primary myocardial | Underlying 

disease 

Dilated cardiomyopathy 
Boxer cardiomyopathy 

Subaortic stenosis 

Hypertrophic cardiomyopathy-cats 

Patient demonstrates clinical signs refer 
able to VT episode. 
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Shock 
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is not primary heart 
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Traumatic myocardial contusion 
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Section IV II Cardiovascular Disorders 


venous bolus of lidocaine 10-25 to 1 mg/kg over 5 minutes up to a total of 4 mg 
for an average-sized cat). If the lidocaine bolus is unsuccessful, an IV bolus of 

esmolol (50 to 500 ug/kg) or a CRI (50 to 200 ug/kg/mm) may be administered 

titrate*! to effect* Cats tend to be sensitive to the toxic side effects of lidocaine. 
Therefore a CRI infusion of this medication is not recommended. If both medica 

cions are ineffective, a precordial thump may be attempted. This maneuv er may 

successfully terminate the arrhythmia by mechanically inducing a premature sys 

tole, thus interrupting the reentry circuit 


* 




VT secondary' to direct myocardial injury or coexisting disease carries a good 
to excellent prognosis if the underlying condition is successfully managed. VT 
associated with primary myocardial disease or valve dysfunction carries a guarded 

to poor prognosis. 




Ventricular fibrillation (VF) is a life threatening arrhythmia that results in 

death if left untreated (Fig. 31-19). VF is the dominant arrhythmia associated 
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Figure 31-19 

Ventricular fibrillation occurs when the cells of the ventricular myocardium depolar 
ize in an uncoordinated menner. No pulse can be felt and cardiac output approaches 
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with cardiopulmonary arrest in humans. The incidence of VF in companion 
animals is unknown. 
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VF occurs due to activation of multiple micro-reentrant circuits within the 

ventricular myocardium. The exact trigger mechanism varies with clinical condi 
tion and specific circumstances. It most commonly occurs as the terminal event 

in a patient with severe systemic or cardiac disease. It may also occur unexpect 

edly during various procedures including anesthesia induction, cardiac surgery, 

pericardiocentesis, cardiac Ischemia, and endomyocardial biopsy 




n 








j 


The patient is presented in acute cardiovascular collapse. Clinical signs of 

cardiopulmonary arrest characterized by absence of breathing, pulse 
sciousness, and cyanosis are usually seen. 


uncon 








No discemable P waves or QRS'T complexes are noted on scalar ECG 
Low amplitude, irregular undulation of the baseline tracing is present. 
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Rapid, definitive intervention is necessary to save the patient. Defibrillation 
(nonsynchronous cardioversion) is the treatment of choice. The initial energy 

level is 5-7 I /kg. Table 31-2 gives the approximate dosage. 

The initial electrical dose is immediately readministered it the first attempt 
in restoring normal rhythm is unsuccessful. Initiation of the ABC*s of CPR 
should occur during cardioversion efforts. Standard cardiopulmonary resuscita 
tion measures should be performed at this point. 


Guarded to poor depending on the underlying cause and response to initial 
resuscitation measures. 
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Figure 

Lateral radiograph from a cat with hypoxic pulmonary hypertension and cor pulmo 

nale secondary to feline asthma shows dilation of the pulmonary arteries (white 
arrow), peribronchial pattern, and ascites. 


tricuspid regurgitation is prominent, then right atrial and ventricular dilation 

occur due to volume overload. Paradoxical motion of the interventricular septum 

may be present due ro elevation of right-sided diastolic pressures. Lett ventricular 
dimensions may be decreased and the left ventricular tree wall may appear thick' 
ened (i.e., pseudohypertrophy) because of decreased venous return to the left 
heart. Prolapse of the tricuspid and pulmonary valve leaders may be evident. 

Spectral Doppler evaluation of the pulmonary ejection dow profile may he 

abnormal in pulmonary hypertension (see Fig. 25-14). As PAPs increase, the 

flow profile becomes sharper, acceleration becomes more rapid, and peak velocity 
occurs earlier in during ejection. 4 At very high PAPs, the peak velocity may 
decrease and notching of the deceleration phase of the profile may be evident 

W-shaped profile). Direct evidence of pulmonary hypertension can be ob¬ 
tained from Doppler echocardiography if tricuspid regurgitation or pulmonic in¬ 
sufficiency are present (see mg. 25-1 3 ). 4 Right ventricular systolic pressure can 
be estimated by measuring the velocity of the tricuspid regurgitant jet, calculat¬ 
ing the systolic pressure gradient across the tricuspid valve from the modified 

Bernoulli equation (see Chapter 1), and adding the result to an estimated right 
atrial pressure or measured central venous pressure. In the absence of right ven¬ 
tricular outflow tract obstruction, right ventricular systolic pressure is essentially 
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the same as systolic PAI\ The same principle can he used to estimate diastolic 

PAP by measuring the velocity of the pulmonic insufficiency jet and calculating 

the resultant pressure gradient. 
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Pulmonary artery pressure can be measured directly by passing a flow-di- 
rected Swan-Gam balloon catheter through the right heart into the pulmonary 
artery (see Fig. 21-7). LAP can be estimated from the end-expiratory pulmonary 
wedge pressure (PWP) obtained by inflation of the balloon of a Swam-Ganz 
catheter positioned in the pulmonary artery. The pressure difference across the 
pulmonary vascular bed (AP) is the difference mean PAP and PWP and can be 

used to determine it pulmonary hypertension is the result c f an increase in pul¬ 
monary vascular resistance or an elevation of LAP. Normal pulmonary AP is 

less than 10 mm Hg. Pulmonary vascular resistance is calculated by measuring 

pulmonary blood flow (L/min) by thermodilution, indexing the result to body 

i rface area (nr), and dividing it into the AP. A normal pulmonary vascular 

2 mm Hg/L/min/nr has been reported tor dogs. 5 Abnormal 


resistance of 21 

values for pulmonary vascular resistance have not been reported for small ani 

mals. 
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There are four established syndromes of pulmonary hypertension in small ani¬ 
mals: hypoxic pulmonary hypertension, pulmonary vascular occlusive disease, 

pulmonary overcirculation, and elevated LAP (Table 32-2). Two major pulmo¬ 
nary vascular occlusive diseases are recognized: PTE and heartworm disease. Each 
of these syndromes is considered a secondary cause of pulmonary hypertension. 

Primary pulmonary hypertension is a heritable syndrome of unknown etiology 

in humans. Its existence as a definable cause of pulmonary hypertension in small 
animals has not been established. 
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Hypoxic pulmonary hypertension is a sequela to chronic alveolar hypoxia 
in dogs and cats. Although these species are not considered to have an exuberant 

hypoxic pulmonary vasoconstriction response, they are capable of developing 

severe hypoxic pulmonary hypertension as a result of pulmonary vascular remod¬ 
eling. Pulmonary vascular remodeling causes both a fixed increase in PAP as 

well as an enhanced capacity for pulmonary vasoconstriction. 

Causes of hypoxic pulmonary hypertension in small animals include hypo¬ 
ventilation syndromes (e.g., brachycephalic syndrome, obesity), restrictive pul¬ 
monary diseases (e.g., pulmonary fibrosis), and obstructive airway disease (e.g., 
chronic bronchitis, collapsing trachea, feline asthma). Although residence at 

altitude is not considered a common primary cause of pulmonary hypertension 

in small animals, it certainly accelerates its development in animals with chronic 
respiratory diseases. 
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Hypoxic Pulmonary Hypertension 

Hypoventilation Syndromes 
Restrictive Lung Disease 

Obstructive Airway Disease 
Altitude 

Pathophysiologic mechanisms: 

—Hypoxic pulmonary vasoconstriction 
—Pulmonary vascular remodeling (hypoxla-induced) 

—Polycythemia 

Pulmonary Vascular Occlusive Disease 

Pulmonary Thromboembolism 
Heartworm Disease 

Pathophysiologic mechanism: 

—Pulmonary vascular occlusion 
Pulmonary Overcirculation (Eisenmenger Syndrome) 

Cardiac Shunt 

Pathophysiologic mechanisms: 

— increased pulmonary blood flow 
—Pulmonary vascular remodeling (flow-induced) 

—Polycythemia 

Elevated Left Atrial Pressure 
Mitral Valve Dise 
Cardiomyopathy 

Congenital Heart Defects 

Pathophysiologic mechanism: 

—Increased left atrial pressure 
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Diagnosis of hypoxic pulmonary hypertension is based first on an awareness 
of its possibilit y in small animals with chronic respiratory disease. Findings on 
physical examination and thoracic radiographs may be subtle prior to the devel¬ 
opment of right-sided CHF compatible with chronic cor pulmonale. A strongly 

presumptive or definitive diagnosis of pulmonary h pertension can usually be 

made from Doppler echocardiography in animals with moderate or greater dis¬ 
ease. Animals with chronic cor pulmonale will show hepatomegaly and ascites, 
and usually will have developed secondary tricuspid regurgitation by the time 

signs of congestive failure develop. In advanced cases, evidence of low output 
cardiac failure and severe hypoxemia may he present. 

By the time clinical signs of chronic cor pulmonale occur, hypoxic pulmo- 
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nary hypertension is usually severe. The cornerstone of acute therapy for hypoxic 

pulmonary hypertension is supplemental O 2 . O 2 is the only selective pulmonary 

vasodilator generally available to veterinary patients. When hypoxic pulmonary 
hypertension has Income severe, at least a portion of the increase in pulmonary 
vascular resistance and PAP has become fixed and unresponsive to any vasodila- 
tor therapy. Chronic therapy should be directed at the underlying respiratory 

disease in an attempt to improve alveolar oxygenation and minimize hypoxic 
pulmonary vasoconstriction. Vasodilator therapy with a direct-acting arteriodila- 

tor such as hydralazine (0.5- 1.0 mg/kg q 1 h) or amlodipine (0.1-0.2 mg/kg 
q 24 h) may provide some benefit if systemic pressures allow systemic vascular 

resistance to be lowered as well. If signs of chronic cor pulmonale are present, 
an angiotensin-converting enzyme inhibitor such as enalapril (0.25-0.5 mg/kg 

q 12-24 h) or benazepril (0.25-0.5 mg/kg q 24 h) is indicated. Judicious use of 

diuretics may he beneficial to reduce right heart congestion although attention 

must be paid to the possibility of worsening CO. Combined diuretic therapy 

with fiirosemide (0.5-2 mg/kg q 12 h) and the combination of spironolactone 
and hydrochlorothiazide (Aldactazide, 0.5-2 mg/kg each drug q 12-24 h) is gen¬ 
erally more effective for right heart congestion than monotherapy with furose- 

mide. 
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Pulmonary thromboembolism is an important cause of pulmonary hyperten¬ 
sion in dogs. 4 ' 6 ' 7 The condition has also been reported in cats. 8,9 Because of pu mo- 
nary vascular recruitment, pulmonary vascular occlusion must be severe (>50%) 

before significant pulmonary hypertension occurs. As a result, dogs with pulmo¬ 
nary hypertension secondary to PTE have a poor prognosis. Acute severe TTE 
causes diffusion impairment due to a decrease in the total area available for 
O 2 diffusion. The result is moderate to severe hypoxemia that is responsive to 
administration of supplemental 0 2 . The cardiac effects of acute PTE are those 

of acute cor pulmonale characterized by rapid onset of right ventricular dilation, 
tricuspid regurgitation, acute systemic venous hypertension, and low CO. 

The pathogenesis and etiology of PTE is not completely understood in small 

animals. It is not clear whether the thrombus is generated in the systemic veins 

and then emboiized to the lungs as it is in humans, or if it forms in situ in the 
pulmonary circulation. Hypercoagulable states including protein-losing nephrop¬ 
athy, hyperadrenocorticism, immune-mediated hemolytic anemia, and sepsis are 

well established predisposing factors for PI I in dogs. 

injuries of the large central veins (i.e., central IV catheters) and stasis of blood 
flow through the right heart may also be predisposing factors in dogs and cats. 
Pulmonary thromboembolism should be suspected in dogs that present with 
acute onset tachypnea and hypoxemia, especially when the hypoxemia is highly 

responsive to administration of supplemental 0 2 . Documentation of the presence 
of a known predisposing condition such as proteinuria or hypeni Jrenocorticism 

should increase the index of suspicion for PTE. 

i horacic radiographs can be normal or can show a patchy interstitial or 
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Endothelial denuding 
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Figure 32-7 

Lung perfusion scintigraphy scan from a normal dog (A) and a dog pulmonary throm 

boembolism of the right caudal lung lobe (B). 


ilveolar pattern. Echocardiographic findings are consistent with acute cor pul¬ 
monale and include right ventricular dilation, tricuspid regurgitation with a 

high'velocity regurgitant iet, and characteristic changes in the pulmonary flow 

profile. Confirmation of PTE can be obtained from a lung perfusion scintigraphy 
scan (Fig. 32-7) or pulmonary angiography. 

Management of I E depends on the magnitude of pulmonary vascular oc- 
elusion present. Heparin therapy (loading dose 150 lU/kg IV, maintenance dose 

100 IU/kg SC q 8 h) should be instituted as soon as PTE is suspected. Therapy 
can he adjusted to achieve t target partial thromboplastin time (PTT) of 1.5 to 

2 times the control PTT. Supportive therapy with IV fluids and supplemental 

Chare indicated during the acute phase of the disease, lugular catheterization 
should he avoided in animals with hypercoagulation states. I >iuretic therapy 
should be avoided because of the risk of worsening low CO. 

Heparin constitutes only a secondary therapy for PTE because it only pre¬ 
vents or retards further embolization. The hope is that natural fibrinolysis will 
reduce the magnitude of the I E over time. Primary therapy for F T is indicated 
for patients showing evidence of acute right ventricular dilation and hypokinesis, 

pulmonary hypertension, and acute cor pulmonale. Primary therapies for I I 

include medical fibrinolysis, catheter-based embolectomy, or surgical embolec- 
tomy. The later therapies are largely unexplored in veterinary medicine. Medical 

fibrinolysis can be attempted by IV infusion of streptokinase (3400 lU/kg as 

a loading dose over 30 minutes, followed by 1500 lU/kg/h for 6-24 hours) or 

recombinant tissue plasminogen activator (rt-PA; 4400 IU/kg as a loading dose 

over 10 minutes, followed by 4400 lU/kg/h for 6-24 hours). The efficacy of these 
therapies for patients with acute severe PTE have been established in human 

clinical trials, but not in veterinary trials. 

Long-term therapy and prevention of PTE is based on chronic anticoagnula- 
tion therapy with oral warfarin. Warfarin therapy can begin 3 to 5 days after 


Copyrighted material 











Pulmonary Hypertension 




ir 


initiating heparin and should be overlapped with heparin therapy until anticoag- 

ulation is established. The dose of warfarin is highly individualized and is affected 

by diet and numerous drug interactions. The warfarin dose should be based on 
measurement of the prothrombin time (PT) and calculation of the international 

normalized ratio (INR) based on the international sensitivity index (IS1)* of 

the thromboplastin reagent and the mean value of the control PT reference 
range 


I 5,16. 




INR = (patient PT/control PT) 

The target INR should be between 2 and 3. Adjustments in the dose of warfarin 
should be based on the total weekly dose rather than the total daily dose. 15 
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Anatomic cardiac shunts (e.g., ventricular septal defect, patent ductus arte¬ 
riosus cause overcirculation of the pulmonary vascular bed. As the physiologic 

mechanisms of vascular distention and recruitment work to lower vascular resis¬ 
tance during acute increases in pulmonary flow, chronic overcirculation causes 
remodeling of the pulmonary vessels eventually resulting in moderate to severe 
increase in pulmonary vascular resistance. Chronic hypoxia secondary to chronic 
respiratory conditions or residence at altitude is known to accelerate the vascular 

remodeling process. 17 In the most severe cases, PAP can become suprasystemic. 

The result is reversal of flow through the anatomic shunt (i.e., right-to-left 
shunt), moderate to severe hypoxemia and cyanosis, and a condition known as 

Eisenmenger syndrome. F isenmenger syndrome can develop within the first few 

weeks of life, 17 or it can occur at birth due to failure of the normal pulmonary 
vascular adaptation to extrauterine life. 

Animals with Eisenmenger syndrome exhibit moderate to profound exercise 
intolerance. The dominant clinical finding is hypoxemia and cyanosis that does 
not respond to administration of supp lemental 0> In reverse patent ductus arte- 

cyanosis may lx* restricted to die caudal half of the body. Moderate to 
severe polycythemia will usually be present. Diagnosis of Eisenmenger syndrome 
can be readily confirmed in most cases by echocardiography. A contrast bubble 
study can be undertaken to demonstrate the presence of right-to-left cardiac 

shunt. This is especially useful when the shunt is at the level of the ductus 

arteriosus. Tetralogy of Fallot is the most important rule out for animals with 
this presentation. 

Limited treatment options are available for animals with Eisenmenger syn¬ 
drome. Phlebotomy and replacement crystalloid fluids can be performed to re¬ 
duce the magnitude of polycythemia if the hematocrit is greater than 70%. Vaso¬ 
dilator therapy is contraindicated because it will likely decrease systemic more 

than pulmonary vascular resistance and worsen the magnitude of the right-to- 

left shunt. The prognosis for animals with Eisenmenger syndrome is guarded but 


riosus 


* 1S1 reflects the responsiveness of the thromboplastin reagent compared to an international throm¬ 
boplastin reference standard (British Comparative 71 tromboplastin/ human brain origin). The 1S1 

is provided by the manufacturer of the reagent. 
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not hopeless and largely depends on the magnitude of polycythemia. Small am 
mals can live for several years. 


Elevated LAP can cause mild to moderate pulmonary hypertension in dogs 
and cats. The most common cause of increased LAP in dogs is mitral regurgita- 

tnm due to degenerative mitral valve disease or congenital mitral valve dvspla- 

sia. 6 Mitral valve stenosis and dilated cardiomyopathy are less common causes. 

In cats, possible causes include hypertrophic or restrictive cardiomyopathy or 

cor triatriatum sinister. The magnitude of pulmonary hypertension depends on 

the degree of increase in LAPs. LAP can exceed 25 mm Hg in animals with 

left-sided t T1F and this directly increases PAT without an increase in pulmonary 
vascular resistance. In humans with mitral valve disease, pulmonary hypertension 
is exacerbated by remodeling of the pulmonary veins in response the chronically 
elevated pressure. 1 * The importance of this mechanism in small animals is un¬ 
known. 


Pulmonary hypertension resulting from elevated LA? in small animals is 
usually detected as an incidental finding during echocardiography. I lie impor¬ 
tant question is whether concurrent causes of pulmonary hypertension such as 

chronic hypoxic pulmonary hypertension are present. If pulmonary PAP is 

greater than 50 mm Hg, then concurrent causes should he suspected, t herapy 

is directed at lowering LAP and is essentially the same as for left-sided CHF. 

For chronic mitral valve disease, emphasis should he placed on decreasing the 
systemic systolic pressure through the use of direct-acting arteriodilator drugs 
such as hydralazine or amlodapine. 


Until recently, the incidence and importance of pulmonary hypertension has 
been underappreciated in small animals. With the advent of noninvasive diag¬ 
nostic techniques for evaluating pulmonary hypertension, its role in several im¬ 
portant conditions in small animals has been increasingly recognized. This in¬ 
creased awareness anil recognition will translate into an increased understanding 

of the pathogenesis, diagnosis, and therapy of these conditions. 


West JB: Respiratory Physiology—The Essentials, 2nd ed. Baltimore: Williams & 

Wilkins, 1979, p 36. 

2. Tacker A, McMurrry IF, Reeves JT, et al.: Lung vascular smooth muscle as a deter¬ 
minant of pulmonary hypertension at high altitude. Am ] Physiol 228:762, 1975. 
Stenmark KR, Orton EC, Crouch EC, et al.: Vascular remodeling in neonatal pul¬ 
monary hypertension: role ot the smooth muscle cell. Chest 93:127S, 1988. 

4- Johnson L, Boon J, Orton EC: Clinical characteristics of 53 dogs with Doppler- 

derived evidence of pulmonary hypertension: i >92 
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The pericardium consists of a serous membrane and a fibrous sac. The serous 
membrane covers the outside of the heart (visceral pericardium) and extends a 
short distance I yom I the atria and ventricles onto the great vessels. A serous 
membrane also lines the inside of the fibrous sac (parietal pericardium). The 
pericardial cavity, that space between the visceral and parietal pericardium, con¬ 
tains a small amount of clear, pale yellow fluid. This ultrafiltrate of serum has a 
colloidal osmotic pressure approximately 25% that of blood serum. 2 The amount 
of fluid generally found in the dog is 0.5 to 2.5 rnL. 

The fibrous pericardium is a thin, strong, flasklike sac. This sac is closed by 

its attachment to the great vessels and is also attached ventrally to the dia¬ 
phragm. As the sternopericardial ligament, this fibrous sac is held in place in 
r re area of me xiphoid process of the sternum. 

The histology of the pericardium is flattened irregular polygonal mesothelial 

cells forming a smooth and glistening serous layer of the pericardium. This serous 
layer is attached to the fibrous layers by delicate connective tissue rich in elastic 

fibers. 


The fibrous layer of the pericardium consists of superficial, middle, and deep 
layer of collagenous fibers interlaced with elastic fibers. In humans, the elastic 
fibers decrease in numbers from birth to adult life. The collagen fibers are practi¬ 
cally straight in the fetus, become wavy after birth, reach the largest wave ampli¬ 
tude in young adults, and become straight again in old age. This change suggests 

that the pericardium in young adults is more elastic than that of the elderly 

The pericardium functions to limit acute cardiac dilatation, maintain car¬ 
diac geometry and ventricular compliance, reduce friction, provide a barrier to 

inflammation from contiguous structures, and buttress the atria. Under normal 
conditions, a small amount of fluid is found between the epicardial (visceral 
pericardial) and the parietal pericardial membranes. The term pericardial effu¬ 
sion indicates excessive or abnormal fluid accumulation between the parietal 

and visceral pericardial membranes. 
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Congenital hernias, acquired pericardial effusion, and constrictive (constrictive- 
effusive) pericardial disease represent the most clinically relevant disorders of 
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the pericardium in small animal practice. Disease of the pericardium is generally 
associated with other diseases. More often than not, the effusion is chronically 
present. Accumulation of effusion within the pericardial space may be life-threat- 

ening. This is especially true of acute effusions. With chronic effusion the elastic* 

ity of the sac may allow compensation before the system tails and clinical signs 

of heart failure manifest. 

Symptomatic, acquired pericardial effusion, is common in dogs and is ob¬ 
served sporadically in cats. In one report, the occurrence of pericardial effusion 

is reported at 8% in dogs and 6% of cats presented to a cardiology service. 1 

Transudation into the pericardial space secondary to right-sided congestive heart 
failure (CHF), peritoneopericardial diaphragmatic hernia, hypoalbuminemia, or 
mtections/toxemia (or other causes of increased vascular permeability) are find¬ 
ings at necropsy or with ultrasonography and do not impair heart function. There 

two noteworthy clinical exceptions. Mass lesions at the ueart base can ob¬ 
struct lymphatic drainage leading to a large and compressive, water-like, transu- 
dative pericardial effusion. In cats with severe CHF, a large pericardial effusion 
may develop, which may resolve with successful therapy of heart failure. 

Exudation caused by infective or noninfective pericarditis is not common 

in small animals. In the dog and cat, Nocanlia infection and perforating foreign 
bodies are potential causes. Fungal involvement of the pericardium is recognized 
with Coccidiomyocosis in the dog or with opportunistic fungi in immunosup- 
pressed dogs (e.g., aspergillosis). Idiopathic, sterile (inflammatory) pericarditis 
develops occasionally in the dog and may be sequelae to some cases of recurrent, 
idiopathic intrapericardial hemorrhage. Pericarditis has been associated infre¬ 
quently with feline cardiomyopathy but is recognized and is part of the polysero¬ 
sitis from infection with feline infectious peritonitis virus. Intrapericardial hem¬ 
orrhage (with or without secondary pericardial reaction) is not uncommon. The 
most frequent cause is idiopathic pericardial hemorrhage in dogs. This is a disor¬ 
der of dogs typically (but not invariably) less than 8 years of age. In some areas, 

male Golden retrievers and German shepherds are predisposed. Neoplasia of the 
heart, heart base, or pericardium frequently leads to a hemorrhagic effusion. 
Hemangiosarcoma of the right atrium (especially common in German shepherds, 
Golden retnevers, and Labrador retrievers older than 8 years), can be multicen¬ 
tric with splenic involvement and pulmonary metastasis. Aortic body tumors 
(chemodectoma) grow along the heart base (and are especially common in aged 

brachycephalic breed dogs). Ectopic (heart base) thyroid carcinoma can cause 
a large mass of the heart base, which can invade the myocardium. Mesothelioma 
of the pericardium also occurs but is often a controversial diagnosis in light of 
so-called pericardial fluids that can develop in dogs with recurrent pericardial 
effusion. Metastatic carcinoma to the heart is not common. Lymphosarcoma of 
the right atrium and ventricles is the most important cardiac neoplasm in the 
cat, hut is considered a rare cause of pericardial effusion in dogs. Uncommon 

causes of pericardial hemorrhage include left atrial rupture in dogs with mitral 

regurgitation secondary to endocardititis or endocardiosis, blunt chest trauma 
(rare), puncture of the heart (knife, bullet, arrow), coagulopathies, and compli¬ 
cated thoracocentesis. Chyle is a rare fluid type in pericardial effusions. 
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The function of the pericardium is variously reported. Some reports descrita “no 

vital (unction”; others incriminate the pericardium as the cause of cardiac failure. 
The following functions of the pericardium are reported: prevention of overdila- 

tion of the heart, protection of the heart from infection ami adhesions to sur¬ 
rounding tissues, maintenance of the heart in a hxed geometric position within 
rhe thorax, regulation of the interrelations between stroke volumes of the two 
ventricles, and prevention of right ventricular regurgitation when ventricular 
diastolic pressures are increased. 5 

Pericardectomy in the dog and cat has produced various results when its 
effect on heart size is studied. These reports have indicated either no apparent 

dilation 4 or increased size. 5,6 When large volumes of fluids, dextrans, or blood 
are infused, the effect of pericardectomy is more apparent. With fluid overload 
after pericardectomy, the venous pressure is decreased. With an intact pericar¬ 
dium, fluid overload producincreased venous pressures. 

The intrapleural pressure and intracardiac pressures influence pericardial 
pressures within the sac. With inspiration the pericardial pressure increases, and 

expiration produces a decrease in this pressure. In the anesthetized dog, pericar¬ 
dial pressure fluctuates with atrial systole and during the rapid ventricular filling 

phase of ventricular diastole, and increases during the later part of ventricular 
diastole. 2 


Cardiac tamponade refers to the decompensated phase of cardiac compres¬ 
sion resulting from an unchecked rise in the intrapericardial fluid pressure. The 
normally negative inspiratory pericardial pressure becomes positive. Tamponade 

is the mechanism by which low cardiac output and CHF develop with pericardial 
effusion. Development depends on the rate of fluid accumulation, not simply 
the volume of pericardial fluid. With few elastic fibers in the pericardium, intrap¬ 
ericardial pressures can rise rapidly as the elastic limits of the membrane are 

exceeded (Fig. 33-1). Important pathophysiologic features include increased 

(positive) intrapericardial pressure with diastolic collapse of the right atrium and 

right ventricle, compression of the vena cava, reduced right ventricu ar filling, 

decreased preload and cardiac output, and potential for arterial hypotension if 
compensatory mechanisms are insufficient. Coronary perfusion may be impeded 

by increased intrapericardial pressures. Syncope or sudden death may occur if the 
systemic Iv potension is acute and severe. Given sufficient time, compensatory 
measures are activated to maintain arterial blood pressure. These include height¬ 
ened sympathetic discharge, systemic vasoconstriction, renal retention of sodium 

and water, and elevated venous pressures. Extremely high venous pressures mav 

develop behind the heart. CHF, with a predominately right-sided component 
(ascites, pleural effusion), is the consequence of chronic cardiac tamponade. Ad¬ 
ditional hemodynamic features include equilibration of diastolic pressures in the 

ventricles, atria, and great veins, and respiratory variation in arterial bloot pres¬ 
sure (pulsus paradoxicus). The latter is explained by exaggeration of the normal 

respiratory-induced variation in right versus left-sided cardiac filling. 
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Figure 33-1 


Pressure-volume curve showing that fluid accumulating in the pericardial 

line) results in a sigmoid curve. When fluid is removed from the pericardial 
(dotted line), the curve follows the hysteresis of the volume accumulation curve. 
Thus, removal of a small volume of fluid results in a dramatic drop in the intrapen 
cardial pressure. 
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Species and breed predilections are noted above. The client complaint may be 

vague. Syncope or collapse are particularly common with acute cardiac tampon¬ 
ade (e.g., sudden hemorrhage). Overt signs of right-sided CHF may be evident. 

The physical examination findings of elevated jugular venous pressure, muffled 
heart sounds, and ascites (with or without pleural effusion) should prompt inves¬ 
tigation of the pericardial space. If venous distention is missed 
diagnosis of liver disease or abdominal neoplasia may be considered. If pericardial 

effusion is present, lying the dog on its side and observing the lateral saphenous 
vein as the limb is slowly elevated will show evidence of systemic venous hyper¬ 
tension. As the leg is raised, the vein should collapse as the vein approaches 
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the level of the right atrium. With pericardial effusion, the lateral saphenous 

will be continuously distended when the leg is as much as 45° elevation above 

the body. 


Arterial hypotension or pulsus paradoxicus may be detected. The central 
venous pressure (CVP) is generally quite high, often exceeding 12 cm H 2 O (nor¬ 
mal <5 cm). In acute cardiac tamponade, the major clinical signs may be low 
blood pressure and jugular distention but without any fluid accumulation. Fever 
or thoracic pain may indicate infection or inflammation within the pericardial 
space. Cardiac auscultation is characterized by distant heart sounds. A pericardial 
friction rub may indicate pericarditis, but this is rare in dogs and cats. Breath 
sounds are muffled and there will be tachypnea or respiratory distress if there is 

pleural effusion from congestive heart failure. Evidence of systemic disease, such 

as lymphosarcoma or hemangiosarcoma of the spleen, may be noted during a 
complete physical examination. 
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Monitoring of the t P often leads to a diagnosis of pericardial effusion. With 
the tip of the venous catheter in the right atrium, an initial CVP reading greater 

than 15 cm H 2 0 is virtually diagnostic of abnormal fluid accumulation in the 

pericardial space. Measurement of “static” intrapericardial fluid pressure, prior 

to removing any pericardial effusion, can be accomplished by attaching one end 
of a saline-filled extension tube to the intrapericardial catheter and the other 
end to a CVP manometer. Cases of tamponade demonstrate a high (positive) 
pressure, usually greater than 1^ cm H*0 above the midstemal line, with the 

patient resting in lateral recumbency. The pressure becomes subatmospheric fol¬ 
lowing pericardiocentesis and rises and falls with ventilation. With constrictive- 

effusive pericardial disease, pericardial effusion without tamponade, or isolated 
pleural effusion, the intrapericardial pressure is essentially normal (i.e., near 0 
cm Hi 1 . Although this relatively crude method does not precisely measure 
intrapericardial pressure, it offers useful clinical information. 

Clinical laboratory evaluation may simply reflect the consequences of heart 

failure or prior diuretic therapy. The complete blood count may indicate in¬ 
flammation, infection, or hemorrhage. Increased numbers of circulating nucle¬ 
ated red blood cells, especially in susceptible breeds, are suggestive of hemangio¬ 
sarcoma of the spleen (and heart). Analysis of pleural or peritoneal effusions 
generally indicate fluid of obstructive origin (transudate, modified transudate, or 
infrequently chyle). Bacterial cultures of the effusate, serum fungal titer (coccidi- 

omycosis), or enzyme-linked immunosorbent assays for feline leukemia virus or 
feline infectious peritonitis may be positive when pericarditis is related to these 

infections. 8 Fluid can be collected by pericardiocentesis. If the pH of pericardial 
fluid is less than 7.0, this finding is suggestive of pericardial inflammation or 

idiopathic hemorrhage, although more data are needed to precisely define the 

predictive value of a pH greater than 7.0. Values of 7 4 or greater are more 

typical of neoplasia or recent hemorrhage. 6 Collected fluid can be classified as 
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a transudate, exudate, hemorrhage, or chyle (see above). Unfortunately, except 

in cases of lymphosarcoma or septic inflammation, cytologic examination may 
not be especially helpful. It can be difficult to conclusively identify neoplastic 

cells within pericardial effusates. The problems include poor exfoliation or over 
interpretation of reactive mesothelial cells. 

Radiography generally demonstrates abnormalities once there is a signifi 

cant accumulat ion of pericardial fluid. The cardiac silhouette enlarges, loses its 
angles and waists, and eventually becomes globular in shape (“basketball or soc 

cer ball heart”) and sharp in outline (from diminished motion). Should a metallic 
foreign body be observed over the heart on two views, constrictive or cons trie 
rive-effusive disease is likely. Pulmonary vascularity is often reduced from low 

cardiac output (in contrast to CHF from cardiomyopathy or valvular disease). 

If CHF has developed, there may he increased pulmonary interstitial densities 

(edema), distention of the caudal vena cava, hepatomegaly, or pleural effusion. 

Tumors of the heart base may deviate the trachea (generally to the right and 

dorsad), pnxlucing a mass effect. Fluoroscopy may demonstrate reduced cardiac 
motion. Pneumopericardiography can identify intrapericardial mass lesions, hut 
is rarely done because echocardiography is much less risky for the patient. 

An electrocardiogram (ECG) may show any of the following: decreased 
amplitude (<1 mV in all leads) of the QRS complexes (most common but van 

able); electrical altemans (with large effusions and swinging of the heart) (Fig. 

33-2); or ST-segment elevation (an epicardial injury current with pericarditis). 

Sinus tachycardia is typical but vagal reflexes can be invoked that promote sinus 

arrhythmia or bradyarrhythmias. Atrial and ventricular arrhythmias may be oh 
served secondary to myocardial involvement, ischemia, or concurrent primary 

heart disease. 

The echocardiogram is a highly sensitive test for detecting pericardial efifii 

sion. Abnormal fluid accumulation is evident as a sonolucent (generally black) 

space between the epicardium and pericardium, extending from apex to base 
(Fig. 33-3). Cardiac mass lesions, a mixed intrapericardial echogenic pattern 
(cellular exudate or recent hemorrhage), or pleural effusion are other potential 
echocardiographic findings. The recognition of diastolic collapse of the right 
atrium or right ventricular wall is supportive of increased intrapericardial pressure 
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Figure 33-2 

Electrical alternans results as the heart swings freely in the pericardial fluid. The alter 
nating amplitude of the QRS complexes identifies the pattern as electrical alternans. 
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Figure 

Echocardiography is the gold standard for identifying fluid in the pericardial! space 

(PE and arrow). The left ventricle (LV) is seen in this cross-sectional view of the heart 


ami corresponds to el fusion with tamponade. There are both false positives (oc 
casionally pleural effusion causes this in dogs) and false negatives (if there is 

concurrent right'Sided CHF with elevated CVP expanding the cardiac cham 

hers). The distinction between idiopathic hemorrhagic pericardial effusion and 
bleeding from a t umor may not be possible without a high-resolution, technically 

proficient echocardiogram recorded from each side of the thorax and use of multi 

pie angled views. In some cases, exploratory surgery or advanced imaging (com 
puted lomograi lay, magnetic resonance imaging) are needed to exclude a mass 
lesion. 


The treatment of choice for initial stabilization is pericardiocentesis using a nee 

die, butterfly infusion needle (tor cats or very small dogs), a through-the-needle 

catheter, an ovemthe-needle catheter, a commercial thoracocentesis trocar sys 
tern, or a balloon dilation catheter (which can be used to rip the pericardium) 
A 14- to 16- gauge 13.2'Cin, Angiocath, over-the-needle catheter is preferred. 
An intravenous (IV) line shi 'uld be placed tor emergencies or for volume loading 

should hypotension develop. If arterial blood pressure is stable, mild sedation is 

often tolerated and improves the procedure for all (huprenorphine 0.005 mg/kg 

mixed with acepromazine 0.025 mg/kg, both given IV). Should hyporension 
develop after sedation, quickly infuse a crystalloid solution IV. The dog is placed 
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in lateral recumbency and the spine elevated slightly with a radiographic foam 

wedge. ECG leads are attached. The needed depth of penetration and the ideal 

puncture site can be guided by echocardiography (to simply identify the largest 
effusion space); alternatively, one can note the strongest palpable cardiac im- 
pulse (both points are usually the same). Placing the patient ir a slightly oblique 
position, and later rotating the animal as needed, facilitates fluid withdrawal 

and patient restraint during the procedure. After gloving for the procedure, one 
additional side hole is cut into the edge of the catheter and the needle is replaced. 
The tap can proceed from either the right side (cardiac notch) or left hemithorax 

(depending on preference, the situation, radiography, and echocardiography). 
The right-sided intercostal approach is used to avoid the largest coronary vessels. 

Following a surgical prep of the skin, a local lidocaine (2%) block of the 

skin, subcutaneous tissues, pleura, and superficial pericardium is made with a 

25- or 23-gauge needle. Often the small-gauge needle will transienrly enter the 
pericardial space, providing some guide to the depth needed for catheter place¬ 
ment. Next the catheter is advanced through the skin, subcutaneous tissue, inter¬ 
costal space, and deliberately into the pericardial space. The ECG is monitored 

for extrasystoles in case the heart is pricked with the catheter. (Note: Dorsal 

approaches may cause the catheter to perforate the atrium and this will not be 
associated with premature ventricular beats.) Once the pericardial space is en¬ 
tered, fluid (usually bloody) enters the catheter lumen. If intrapericardial pressure 

will be measured, the line connecting the CVP manometer is immediately 

attached to the catheter because the intrapericardial pressure rapidly declines 
with aspiration of the fluid. After measuring intrapericardial pressure, fluid sam¬ 
ples are collected for cytology (EDTA and plain tubes), culture, and pending 

cytology. The effusion is drained as completely as possible. Importantly, one tube 

of centesis fluid is placed in a red-topped tube and is continuously monitored 
for evidence of clotting as the pericardial space is evacuated. The presence of a 
clot in the tube indicates active bleeding and likely the sample was extracted 
from a cardiac chamber. If a clot appears, stop draining the pericardial space, 

remove the needle, and make another attempt Blood in a pericardial effusion 
should not clot! 

Owing to the relatively inelastic properties of the pericardium, the removal 
of even modest amounts of eftusate may be very beneficial (see Fig. 33-1). The 
effects on the patient are often dramatic with a marked improvement in attitude, 

color, and peripheral pulse pressure. When complete, the aspirated fluid volume 
is quantified. Repeated intrapericardial pressure measurement or echocardiogra¬ 
phy can be used to verify the benefit of the procedure. A sample of the eftusate 
is evaluated by microscopy for cellular abnormalities and bacteria and is then 

cultured (aerobic, anaerobic) if appropriate. 

Medical therapy for pericardial effusion is not a prominent feature of this 

disorder. IV crystalloids, at shock doses, may be required in cases of hypotension 
due to severe or sudden cardiac tamponade. Thoracocentesis is a helpful adjunct 

in large pleural effusions. Ascitic effusions need not be tapped if pericardiocente¬ 
sis is performed. Although furosemide and venodilators can decrease elevated 
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venous pressures, they are not substitutes for pericardiocentesis in the symptom¬ 
atic patient; furthermore, these drugs may reduce ventricular filling predisposing 

to hypotension. In general, diuretics are contraindicated except in recurrent, 

neoplastic-related right-sided CHF in which venous pressures can become excep¬ 
tionally high. 

Following successful pericardiocentesis, it is appropriate to administer 1 mg/ 

kg furosemide subcutaneously for one or two doses to enhance renal excretion 
of sodium (and overcome the sodium-retaining consequences of cardiac tampon¬ 
ade that often persist for some time after pericardiocentesis or pericardiectomy). 

In patients with a negative-culture, idiopathic pericardial hemorrhage (or idio¬ 
pathic pericarditis), conservative treatment with catheter drainage, may be “cu- 

though diligent irollow-up (for at least i year) is needed to ensure that 
constrictive pericardial disease does not develop. Empirical use of antibiotics and 
of corticosteroids has offered no certain benefit. Drugs that prevent fibrosis might 
be considered, but these have not been suitably investigated in dogs and cats. 

Antineoplastic drugs have provided generally poor results in patients with car¬ 
diac tumors. 

Surgery may be necessary for successful management of pericardial diseases. 

Subtotal pericardiectomy (ventral to the phrenic nerves) may be needed in recur¬ 
rent idiopathic hemorrhagic effusion. The treatment for infective, suppurative 

pericarditis is specific antibiotic therapy based on aerobic and bacterial anaerobic 

culture, catheter drainage of the pericardium, and subsequent surgical removal 

and drainage of the pericardial space (to prevent constriction). A foreign body 
should be sought in these cases. Surgery is also indicated if constrictive (effusive) 

pericarditis is diagnosed or highly suspected, or if there is a need to explore the 

peric ardium to mle out or to attempt removal of a tumor. 

Palliative subtotal pericardiectomy (generally via pericardial window) can 
also be performed by thoracoscopy in some centers. 10 This approach is a reason¬ 
able palliation for neoplasia-associated pericardial effusion and it maybe a consid¬ 
eration for debilitated dogs with infective pericarditis (later perform pericardiec¬ 
tomy). Specific causes of pericardial infection (e.g., coccidiomycosis) have 
specific adjunctive treatments. 
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The prognosis of pericardial disease depends on the cause, but it is generally favor¬ 
able with idiopathic hemorrhagic pericardial effusion, guarded with infective peri¬ 
carditis, and unfavorable with cardiac or heart base neoplasia. Although a chemo- 

dectoma grows slowly, right atrial hemangiosarcoma has invariably metastasized 
by the time ot diagnosis. Ectopic thyroid carcinomas can he particularly invasive. 
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The cardiomyopathies are a heterogeneous group of myocardial diseases, all 
of which can result in congestive heart failure (CHF) and sudden death. A car- 
diomyopathy rhat is intrinsic to the myocardium is considered primary, whereas 
m ocardial disease occurring from a systemic illness, infection, toxin, nutritional 
deficiency, or a nonmyocardial cardiac lesion is referred to as secondary cardio¬ 
myopathy. The cardiomyopathies are further classified based on structural and 

pathophysiologic features as dilated, hypertrophic, and restrictive cardiomyopa¬ 
thy. It is usually not possible to reliably distinguish primary from secondary car¬ 
diomyopathy based solely on radiographic and echocardio^raphic findings. 

The most common form of primar myocardial disease in dogs is dilated 

cardiomyopathy (DCM). 1 DCM is reported to occur with a prevalence of 0.5% 
m the canine population. 2 In cats, hypertrophic cardiomyopathy (HCM) is the 
most common primary myocardial disease, occurring in 1.6% of cats presented 

to veterinary hospitals. 
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Dilated cardiomyopathy is a myocardial disorder characterized by reduced 

myocardial contractility. The cardiac chambers dilate secondarily due to volume 

overload and eccentric hypertrophy. Although die left ventricle (IV) and left 
atrium are most commonly affected, all four cardiac chambers may be involved 

An unusual form of cardiomyopathy affecting only the right ventricle and right 

atrium has been described in both dogs and cats. 
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Since discovery in the early 1980s of the causative role of taurine deficiency 
in feline cardiomyopathy and subsequent addition of taurine to commercial fe¬ 
line diets, DCM has become extremely rare in this species. 7 ’ 8 DCM is occasionally 
found in cats fed unusual diets and in cats with impaired nutrient absorption. 

Also, DCM that is unrelated to taurine deficiency is occasionally seen in feline 

patients. Because the cost/benefit ratio of empirical dietary taurine supplementa¬ 
tion is favorable, cats with DCM should receive 250 mg taurine orally twice 

dailv in addition to medications that mar be needed for management of heart 
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Doberman pinscher 

Boxer 

Great Dane 

Labrador retriever 

American cocker spaniel 
Golden retriever 

Irish wolfhound 

Saint Bernard 
Springer spaniel 

Newfoundland 
English sheepdog 

Afghan hound 

Scottish deerhound 

Dalmatian 

English cocker spaniel 


failure or arterial thromboembolism. However, not all cats with DCM will have 

t aurine - resptmsi ve disease. 


r i r * 




Dilated cardiomyopathy remains an important cause of morbidity and mor¬ 
tality in dogs, particularly m the large and giant breeds. Impaired myocardial 
systolic funcuon (reduced inotropic state) is the primary abnormality in most 
dogs with this disorder, and the impaired contractility typically culminates in 
CHE Arrhythmias have een noted to precede the onset of mechanical dysfunc 
tion in several breeds including Doberman pinschers, boxers, and Irish wolf¬ 
hounds. Primary DCM is common in a wide variety of canine breeds with the 

disorder being most prevalent in Doberman pinschers, 9 Table 34-1 Ibis the ca¬ 
nine breeds most commonly affected. 




At this time primary cardiomyopathy is considered idiopathic in most ca¬ 
nine patients. However, because of the high prevalence of this disorder in certain 

breeds, a heritable etiology is likely. The disorder is inherited as an autosomal 

dominant trait in the boxer dog 

Portuguese water dog. 1 Recently, IX 2 M has been shown to be an autosomal 

dominant, heritable disorder in Newfoundlands as well. 13 Finally, a study of the 
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and as an autosomal recessive trait in the 
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pedigrees of l German pinschers suggests that L CM is inherited as an autosomal 
dominant trait with reduced penetrance in this breed. 14 Because of the high 

incidence of DCM in the cocker spaniel, Irish wolfhound and Great Dane, it is 

likely that the disease is also heritable in these breeds. Although the exact molec- 
ular and cellular mechanisms responsible for heritable forms of DCM have not 
been elucidated, several mechanisms have been described in people. These 
mechanisms include heritable abnormalities in the cytoskeletal components of 
the myocytes as well as abnormalities in the myocyte sarcomeric proteins. 

Secondary DCM is significantly less common than primary DCM, compris- 

ing only about 10% of the cases. Some of the recognized causes of secondary 
DCM in dogs include viral, parasitic, or spirochetal infection; drug toxicity; nu¬ 
tritional deficiencies; trauma; ischemia; chronic hemodynamic overload; sus¬ 
tained tachycardia; or metabolic derangements. Table 34-2 contains a list of 

etiologies shown to cause I CM in dogs,, but only a small number of these causes 
are clinically important. 

Nutritional deficiencies may be a contributing factor in the development 
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Infectious 

Parvovirus 
Distemper virus 
Borrelia burgdorferi 
Trypanosoma cruzi 
Toxoplasma gondii 

Neospora cants 

- ■ — ■ 

s/Toxins 

Doxorubicin 

lonophores 




Nutritional 


Carnitine deficiency 

Taurine deficiency 

Vitamin E/selenium deficiency 

Ischemic 

^— - - - - ' - - — 

Atherosclerosis 

Septic coronary embolism 


Chronic hemodynamic overload 

Tachycardia-induced cardiomyopathy 
Severe hypothyroidism 
Duchenne muscular dystrophy 
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of IX"M in the American cocker spaniel and the golden retriever. 

American cocker spaniels are 
<50 pmole/mL), and taurine deficiency is believed to be at least partially respon¬ 
sible for the disease in this breed. Abnormally low plasma taurine concentrations 

have also been noted in association with DCM in several other breeds including 

Measurement of 


Many 

taurine deficient (plasma taurine concentration 
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Golden retrievers, Dalmatians, and some mixed breed dogs, 
plasma or whole blood taurine concentration should be considered in all Golden 

retrievers, Dalmatians, and in all dogs fed a noncommercial diet. All dogs with 
DCM and a measured low plasma or whole blood taurine level should receive 

dietary taurine supplementation (500 mg to 1 g q 12 h); unfortunately, not all 

dogs supplemented respond. 

Some dogs with DCM may have a deficiency of myocardial carnitine. How- 
reduced myocardial concentration of L-camitine has been noted in some 

dogs with DCM that have had no apparent response to L-camitine supplementa¬ 
tion. Furthermore, plasma carnitine concentration may he normal in dogs with 
myocardial deficiency. At this time, empirical dietary supplementation with i- 
carnitine (110 mg/kg L-camitine PO q 12 h) appears to have a justifiable cost/ 
benefit ratio in American cocker spaniels and Boxers. 

Currently, there are no data indicating that dogs with DCM 

in coenzyme Q k v There is also no evidence that dogs with this disorder will 
respond to supplementation with this nutrient. 9 

Parvovirus has been associated with the development of myocarditis and 

secondary cardiomyopathy in dogs. Other infectious causes of cardiomyopathy 
in the canine include Borrelia burgdorferi (Lyme disease) and Trypanosoma an# 
(Chagas* disease). Immune-mediated events that occur secondary to these infec¬ 
tious agents may be responsible for the cellular damage and myocardial dysfunc- 


owr 
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deficient 


tion. 


Sustained tachycardia produced by ventricular pacing will reliably produce 

myocardial dysfunction and heart failure in dogs. 23 Chronic, rapid heart rates 
such as those that often occur with atrial fibrillation, ventricular tachycardia, or 
supraventricular tachycardia produce a reversible decline in myocardial contrac¬ 
tility and a clinical syndrome identical to that of primary DCM. The extent of 

the dysfunction produced is related to the heart rate and duration of the tachycar¬ 
dia. 24 Tachycardia is often an unappreciated cause of DCM in people, and is 
likely to be a frequently overlooked etiology in canine patients as well 






Although the specific mechanisms responsible for canine IXM are yet to 
be elucidated, it is clear that biochemical abnormalities wimin the myocytes of 

affected animals result in a progressive loss of myocardial contractility. In most 

dogs, the decreased contractilit is initial!' mild but progresses with time to severe 

contractile dysfunction. In the intact heart, decreased myocyte shortening trans¬ 
lates to increased ventricular end-systolic diameter and increased end-systolic vol¬ 
ume with a subsequent drop in stroke volume. Eccentric cardiac hypertrophy 
(increased myocyte mass with ventricular dilation) develops as a compensatory 
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mechanism. In addition to increased diastolic and systolic chamber size, LV geom¬ 
etry becomes altered with the LV becoming less elliptical and more spherical. 

Reduced stroke volume that results from loss of contractility causes activa¬ 
tion of several deleterious neurohormonal mechanisms including activation of 

the sympathetic nervous system, activation of the renin-angiotensin-aldosterone 

system, and increased secretion of arginine vasopressin (antidiuretic hormone). 

This neuroendocrine response initiates self-perpetuating cycles that promote 
antidiuresis, vasoconstriction, and sodium retention. It is also known that in 
patients with DCM heart failure progression will occur independently of the 

hemodynamic status of the patient because of an overexpression of biologically 
active molecules that exert toxic effects on the heart and circulation. 28 Currently, 

a variety of proteins including norepinephrine, angiotensin II, endothelin, aldo¬ 
sterone, and tumor necrosis factor (TNF) have been implicated as substances 
contributing to disease progression. Several of these neurohormones, such is 
norepinephrine, angiotensin II, and aldosterone, are actually synthesized directly 

within the myocardium, and, act, not as true hormones, but in an autocrine and 
paracrine manner. Furthermore, several of the substances implicated in myocar¬ 
dial remodeling and heart failure progression are synthesized by a variety of nu¬ 
cleated cell types within the heart, including the cardiac myocytes, and are, 
therefore, not necessarily of neuroendocrine origin. Nonetheless, the important 

concept arising from this “neurohormonal inode 1” ol ■ IF is that LV remodeling 

produces loss of myocytes (necrosis and apoptosis) as well as deleterious changes 

in LV shape and volume that are unrelated to preload increases, and that these 

changes are responsible for self-perpetuating myocardial systolic dysfunction. 

Table 34-3 lists the characteristic features of LV remodeling and Figure 34-1 

shows a schematic of the role of these cl i tnges in progressive CHF in dogs with 

DCM. 
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Left ventricular dilation 

Myocardial intersitial fibrosis 
Myocyte hypertrophy 

Increased expression of myocardial fetal proteins 
Altered left ventricular geometry (increased sphericity) 

Progressive loss of inotropic state 
Increased wall stress (afterload) 

Afterload mismatch 

Episodic subendocardial hypoperfusion 

Increased oxygen utilization 

Sustained hemodynamic overloading 

Worsening activation of compensatory mechanisms 
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Figure 34-1 

Schematic diagram of the pathophysiologic mechanisms responsible for progressive 

myocardial dysfunction in patients with CHF due to dilated cardiomyopathy. 


As myocardial contractility progresses from mild to severe in dogs with 

DCM, there comes a point when the loss of inotropic state becomes severe 
enough that the ventricular chamber(s) cannot continue to dilate. At that point, 
the ventricular end-diastolic pressure begins to increase. An increase in LV filling 
pressure results in left atrial dilation and, ultimately, in pulmonary edema (left 

sided CHF). If rhe right ventricular end-diastolic pressure also rises, right arrial 
enlargement and ascites will be noted. Increased sympathetic tone produces an 

increase in heart rare that helps to maintain adequate cardiac output. However, 
cardiac output eventually becomes inadequate despire a rapid heart rate (low 

output failure). Some patients may develop hypotension in terminal stages of 
the disorder despite an abnormally high systemic vascular resistance (cardiogenic 

shock). 


Other pathophysiologic mechanisms may contribute to rhe development of 
CHF in dogs wirh IX1M. Impaired ventricular filling (diastolic dysfunction) as 
a result of loss of ventricular compliance (increased ventricular stiffness) has 

been described in bot h people and dogs with DCM. 30 * 51 Mitral regurgitation often 
develops because of LV dilation, and valvular incompetence adds to increased 

pulmonary capillary pressure and reduced forward stroke volume. Finally, ar 

rhythmias undoubtedly play a role in the evolution of CHF m many canine 

patients wirh DCM. Atrial fibrillation is common and adversely affects cardiac 

function because of loss of atrioventricular synchrony. Furthermore, high heart 
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rates typically associated with atrial fibrillation in dogs with DCM increase myo¬ 
cardial oxygen demand and cause further systolic dysfunction (tachycardiomyo- 
pathy). Ventricular tachyarrhythmias may also cause cardiac dysfunction in dogs 

with DCM. Doberman pinschers and Boxers are particularly prone to lethal ven¬ 
tricular tachycardia, and in these breeds ventricular tachyarrhythmias may cause 
syncope and sudden death prior to the onset of CHF. 




Dilated cardiomyopathy occurs in dogs of all ages, but is most commonly 
seen in middle-aged to older animals. 2 In contrast, cardiomyopathy seen in Portu¬ 
guese water dogs develops in young dogs between the ages of 2 and 32 weeks. 12 
Some studies of Doberman pinschers have described a male predisposition for 
the disease/ However, this gender bias does not seem to apply to all affected 
breeds. 1 

History. Typically, dogs with IX'M have had a short history of problems. Most 
are presented for signs related to CHF. Commonly the complaint is respiratory 
distress as a result of pulmonary edema and pleural effusion. Other complaints 
include coughing, exercise intolerance, lethargy, abdominal distention, and 
weight loss. Some dogs with DCM present with a history of syncope, collapse, 

or episodic weakness, rhis is particularly common in boxers and in Doberman 

pinschers with ventricular arrhythmias, and dogs of these breeds frequently have 
no circulatory congestion. 


Dogs with early DCM or those with history of syn¬ 
cope may have a normal physical examination. Some dogs will have apparent 
arrhythmias when the thorax or arterial pulses are examined. In addition to 
arrhythmias, cardiac auscultation may reveal a soft (usually grade l-III) systolic 

regurgitaiu murmur ow the mural <>r men ml valw, an S. /allop k--r beard 

over the cardiac apex on the left hemithorax, or both a murmur and gallop. 
Dogs in left-sided CHF will have tachypnea and increased respiratory effort. 
These dogs may have a soft, moist cough producing pink-tinged pulmonary 

edema fluid, and auscultation of the lungs may reveal increased bronchovesicular 
sounds or crackles. Tachycardia due to heightened sympathetic tone is usually 
present. In dogs with severe myocardial failure, weak and rapid femoral arterial 

pulses are often palpated, and some dogs also have signs of poor perfusion such 

as cold extremities, cold ears, and weakness. If biventricular failure is present, 
ascites, hepatomegaly and jugular distention will usually be evident. A ventral 
fluid line may be noted on auscultarion if there is significant pleural effusion. 

Not infrequently, a decreased K\ly condition score will be seen due to anorexia 

or to cardiac cachexia. 


. Arrhythmias are frequent in dogs with DCM, and the 
main value of the electrocardiogram (ECG) in dogs with DCM is to provide a 

means of identifying and monitoring rhythm abnormalities. Common airhyth- 
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mias include atrial fibrillation, ventricular premature complexes, and ventricular 
tachycardia. Ventricular arrhythmias including ventricular premature contrac¬ 
tions and ventricular tachycardia occur in approximately 75% of Doberman 

pinschers with DCM. 12 *' 5 In this breed ventricular ectopy is often complex and 

frequently culminates in sudden death. A 24-hour ambulatory EG i Holter 
monitor) study of Dobermans showed that the presence of more than 100 ven¬ 
tricular premature contractions per 24-hour period in an otherwise asymptomatic 

dog is usually associated with progressive cardiomyopathy. n Boxer dogs also com¬ 
monly suffer from ventricular arrhythmias and sudden death. In this breed, ven¬ 
tricular ectopy typically originates from a single focus in the right ventricle pro¬ 
ducing QRS complexes that are upright in leads 1, II, and III. 

I he rhythm disturbance most commonly noted in giant breed dogs with 

DCM is atrial fibrillation. 1 In most breeds the atrial fibrillation is thought to be 

secondary to atrial enlargement, but in Irish wolfhounds atrial fibrillation has 

been noted to precede cardiac mechanical dysfunction by about 24 months. 5536 
1c is not clear whether the atrial fibrillation in this breed is responsible tor the 
development of mechanical dysfunction or whether atrial fibrillation is an early 

manifestation of a more global myocyte abnormality. 

In addition to arrhythmias, other ECG abnormalities may be noted in dogs 
with 1 \ 'M. Some affected dogs have widened or high-amplitude QRS complexes 
due to left-sided cardiomegaly. Although less common, low-voltage QRS com¬ 
plexes can also be seen. R waves are frequently notched or show sloppy R wave 

descent (Fig. 34-2). 


54 


Dogs with early, subelmical DCM generally have normal sur¬ 
vey thoracic radiographs. However, dogs with severe myocardial dysfunction 
consistently have radiographic cardiomegaly. The degree of enlargement of the 

cardiac silhouette depends on the staige (severity) of the disease and also on 

the breed. Giant breeds and Cocker spaniels typically have severe cardiomegaly, 
whereas Doberman pinschers and German shepherd dogs often appear to have 
only moderate radiographic cardiomegaly even when echocardiographic exami¬ 
nation reveals severe enlargement. The cardiomegaly noted in dogs with DCM 
may he generalized or it may affect primarily the LV and left atrium. Pulmonary 

edema or pleural effusion may be apparent. If pulmonary edema is present, it is 

usually perihilar in distribution and is accompanied by left atrial enlargement 

and pulmonary venous congestion. Some Doberman pinschers, however, have 

pulmonary edema that is “patchy” and more generalized. In dogs with biventricu¬ 
lar failure, enlargement of the caudal vena cava, ascites, and hepatomegaly are 
usually appreciable on radiographs. 


In normotensive dogs, echocardiography provides defin¬ 
itive diagnosis of dilated cardiomyopathy. The primary echocardiographic abnor¬ 
mality is an increase in the LV end-systolic diameter reflecting decreased myo- 

fiber shortening (see Chapter 24). In the clinical stages of the disease, this 

increase in LV systolic dimension is accompanied by a compensatory increase 
in LV end-diastolic dimension. Although reduced systolic dimension reduces 
fractional shortening, compensatory LV dilation increases this index. Therefore, 


Copyrighted material 



IV I Cardiovascular Disorders 




I 


« 


. 




* 




C ^ 




t 


0> 




i 




4 


r 


O 9 


f 


IA 


1 


w 




% 


<■0 




(V 




ns 




ro 


4 


O ^ 


X 


* 






a> 










~Tji 




j 




. 


e? 






* 


p 


W 


* 


i 


f 


LU 






to 


I 




ns 


4 








- 1 


a 




. 




a> 










a t 




9 


W 


ft 


*S* 






o 


a» 




V| 












* 










CJ 










T) 




ra 


<u 








OJ 




o 










: 






nS QL 










o 










o 




f * 




u 


M 


t; 


IA 




O 


<TJ 






0/ 




i 


o 




W 


+ 


- *r 


* 






. * -J 


0/ 
















ns 


u 








fcfll 




u 


t -< ts 


iff 


* 








* 


■JU 




1: 






. i 




O 






■ 


f«» 






■ 1= 






4 


0> 


■ 


crv 




# ♦ 




ai*i 


i 




ns 


U 


* -» • 


i 






ns 




O 


o 


> 


QJ 




m 










ns qi 






















s 


* - 9 












Ov 


*1 








<T> 






* 


a> ^ 






d 




•iau^ul 


O 


O 


ft i 0 t 




v 


u 


O' 


Hi 


4 


0» 


to 


O a 


i * 


u as 


(OJ 


at 


s 


4ft 




: 




*i f 


wA 


t* 


mrcr 




► 


ns 




0) 








c 




ns 








- 


■ 0 - « I 0 






*• «*M« 

* ‘ ■ 1 1 f 

h * m 




# 




+ -. * 






















































































































Cardiomyopathies I Chapter 34 


shortening traction may not provide an accurate esnmare of systolic function. 

However, dogs with left-sided OIF due to DCM generally have fractional short¬ 
ening values of less than 15%. These dogs also have secondary left atrial dilation, 
and, unlike dogs with CHF caused by mitral regurgitation, the degree of atrial 

enlargement noted with 1 K 'M is comparable in degree to the IV enlargement. 

The LV caudal wall and interventricular septum are either normal or thinner 

than normal in dogs with DCM. in addition, the degree of thickening ot the 
LV wall and septum are reduced as a result of reduced contractility. 

As a result of reduced transmitral flow , excursion of the mitral valve leaflets 
during early diastole (rapid filling) is decreased in dogs with moderate to severe 
DCM. This decrease in leaflet excursion produces an increase in the distance 
between the tip of the anterior leaflet and the septum during early diastole (in¬ 
creased EPSS or E point-to-septal separation). Dogs in low output failure may 
have reduced aortic motion on the M-mode echocardiogram and reduced aortic 
flow velocity measured with spectral Doppler. When biventricular failure is pres¬ 
ent, dilation of the right atrium and right ventricle will be apparent on echocar- 
diographic examination. 


Dogs witli \ severe DCM usually have prerenai azotemia 
from decreased renal perfusion and dehydration. Alanine aminotransferase 

(ALT) may he increased from reduced hepatic bl 
CHF occasionally have dilutional hyponatremia caused by excessive secretion 
of antidiuretic hormone (ADH). 37 Hyponatremia in patients not yet receiving 
diuretic therapy is a poor prognostic sign. 3 * Other laboratory findings commonly 

noted in dogs with severe DCM include lactic acidosis and reduced venous oxy¬ 
gen tension. 






flow. Dogs with severe 




Therapy for dogs with LCM should he determined based on the severity 
ami the manifestations of the disease in an individual patient. Consideration 

should be made tor seeking an underlying cause of the cardiomyopathy, particu¬ 
larly in young dogs or breeds not commonly affected. In this regard, transvenous 

endomyocardial biopsy can be done to rule out myocarditis or an infiltrative 

process. Serologic testing may also be helpful for identifying a cause of myocardi¬ 
tis leading to secondary DCM If an underlying etiology can he identified and 

specifically treated, the best possible outcome can be achieved. 

In most dogs DCM is primary*, and often CHF is present. In these animals 

the goals of medical management are eliminating or reducing clinical signs, ar¬ 
resting or slowing progression, and preventing sudden death. Figure 34-3 shows 
diagrammatically the general treatment straregy that should he considered for 

dogs with DCM. 

Because the clinical signs of CHF are caused by the hemodynamic derange¬ 
ments, acute intervention is aimed at reversing the hemodynamic abnormalities, 
in other words, at improving cardiac output and reducing increased ventricular 
filling pressures. These goals are achieved through combined administration of 

diuretics, vasodilators, and positive inotropic agents. Specific recommendations 
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Suggested therapeutic approach for dogs with CHF due to DCM. ACE, angiotensin 
converting enzyme; ARBs, angiotensin receptor blockers; NEPs, neutral endopepti- 

f actor. 


dases; TNF, tumor necrosis 


for management of acute CHF are found in Chapter 30 of this text. Dogs with 

hemodynamically significant arrhythmias must receive appropriate antiarrhyth- 

nuc therapy as well (see Chapter 31). However, it is important to recognize 

some antiarrhythmic agents, including [i-adrenergic antagonists and calcium 
channel blockers, have significant negative inotropic effects. 

Chronic treatment of CHF must he individualized. Either fiirosemide alone 
(1-3 mg/kg PO bid-tid) or combination diuretic therapy should be administered 
to alleviate systemic and pulmonary venous congestion. The dose of diuretic 
should he the least amount that will control congestion without causing exces¬ 
sive volume contraction. Combining diuretics that act at different sites in the 
nephron (sequential nephron Hock) is often more effective for controlling con¬ 
gestion than the use of extremely high doses of furosemide. Spironolactone 

(1 mg/kg PO bid) or Aldactazide (spironolactone/hydrochlorothiazide 1 mg/kg 

qd-bid) may be combined with furosemide in dogs with adequate renal function 

pressure. Renal parameters (blood urea nitrogen and creatinine) and 
scrum electrolytes should he monitored. Angiotensin-converting enzyme 

inhibitors such as enalapril (0.5 mg/kg POq 12 h) m benazapril (0.5 mg/kg PO 
q 24 h) have been shown to improve hemodynamics acutely and chronically 
Therapy with an ACE inhibitor has also improved survival and exercise toler¬ 
ance in dogs with DCM-induced heart failure. 40 Digoxin (0.005 mg/kg PO q 12 


and hK 


(ACE) 


*9 
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h) is often used in patients with CHF secondary to IX'M. Although digoxtn has 

only a weak positive inotropic agent, symptomatic improvement has been noted 

in some DCM patients receiving this drug. However, 


itive effect on long¬ 
term survival from digoxin administration has not been documented. 41 In addi¬ 
tion to its mild positive inotropic effect, the negative dromotropic effect of di- 
goxin is helpful in lowering the heart rate in animals with atrial fibrillation. 
Recent data indicates that the calcium-sensitizing inodilating agent, pimoben- 

dan (Vetmedin, Boehringer-Ingelheim), provides a superior alternative to di¬ 
goxin for management of dogs with CHF caused by DCM. 4245 Unfortunately, 

this agent is not yet available in North America. 

Combination arteriolar dilator therapy may be needed to achieve relict of 
clinical signs in patients refractory to treatment with diuretics, ACE inhibition, 
and digoxin. If the patient is not hypotensive, the calcium channel blocking 
agent, amlodipine (Norvasc, Pfizer, 0.2 mg/kg PO q 24 h), or the direct-acting 

arteriolar dilator, hydralazine (Apresoline, CIBA, 0.5-2.0 mg/kg PO q 8-12 h) 

may be added to the therapeutic regimen to reduce afterload and increase cardiac 
output. Systemic blood pressure should be measured before and after initiating 
treatment with arteriolar dilating agents. 

Administration of antiarrhythmic agents for suppression on ventricular cc- 

topy is generally recommended in patient > with ventricular tachycardia or other 

forms of complex ventricular ectopy. This is particularly important in Doberman 

pinschers and Boxers because sudden arrhythmic death is a recognized risk in 

these breeds. When antiarrhythmic agents are used, 24-hour ambulatory ECG 

monitoring (Holter monitoring) should he done to verify that treatment has 

effectively suppressed the arrhythmia. Although definitive proof that antiar- 
rhythmic treatment reduces the incidence of sudden cardiac death is lacking at 

this time, treatment is generally advised. 

Dogs with DCM and atrial fibrillation typically have a rapid ventricular 
rate, and reducing heart rate to the range of 140 to 170 beats/min becomes a 
therapeutic goal in these patients. If untreated, the tachycardia increases the 
myocardial oxygen requirement and causes progression of the systolic dysfunc¬ 
tion. Heart rate control may be achieved in these dogs through the use of phar¬ 
macologic agents that slow f conduction through the atrioventricular node or 
through the use of biphasic electrical cardioversion. 

Long-term management of dogs with IX2M should include interventions 

to prevent or reduce the rate of progressive myocardial dysfunction. Progressive, 
deleterious myocardial structural and functional changes (ventricular remodel¬ 
ing) result, not from the hemodynamic abnormalities associated with DCM, but 

from neurohormonal activation. Therefore, neurohormonal modulation has be- 




come an important component of chronic heart failure management. ACE inhi¬ 
bition has been showrn to be an important component of the reverse-remodeling 

strategy. 1944,45 It is believed that in dogs, as in people, deleterious ettects of angio¬ 
tensin II on the myocardium may be prevented or reduced by ACE blockade. 

Use of specific fi-adrenergic antagonists is also an important aspect of preserving 
and, actually improving, LV function in humans with heart failure and in canine 

models of systolic dysfunction. 44 46 However, because (3-blocking agents have neg- 
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ative inotropic properties, these agents must be used only in Jogs with subclinical 

disease or compensated failure. Furthermore, ^-adrenergic antagonists must be 
administered at extremely low doses initially with slow, careful upward titration 

(weeks to months). Finally, some p-blockcrs have been shown to be better toler¬ 
ated and more effective reverse remodeling agents than others. 47 Specifically, the 

second- generation P-blocker, metoprolol (Lopressor, Geigy, 0.05^0.1 mg/kg PO 
q 12 h initially increasing to 0.3-0.5 mg/kg q 12 h), and the third-generation 

1b blocker, carvedilol (Coreg, SK Beecham, 0.05 

creasing to 0.5 mg/kg q 12 h) 

Although the benefits of reverse-remodeling agents (ACE inhibition and p- 

not yet been confirmed for asymptomatic DCM patients, data 
currently available suggest that these agents will slow progression to the symp¬ 
tomatic state and improve survival. 


m 


in 




In general, primary DCM has a poor prognosis. Unless an underlying etiol¬ 
ogy is found and treated, 1} 2M is a terminal disease. In the setting of DCM with 

response to therapy seems to be highly variable, and it is difficult to predict 

However, it is apparent that Doberman 

pinschers have a worse prognosis than other breeds. One retrospective study of 

66 Dobermans with Ix2M and CHF of less than 2 weeks* duration, showed a 
mean and median survival of 9.65 and 6.5 weeks, respectively. 4 '* Sudden death 
occurred in 20% of these dogs. Biventricular failure and the presence of atrial 
fibrillation were negative prognostic indicators. Another study reported survival 

data from 37 dogs of various breeds diagnosed wit h DCM with or without CH t 
The 50% probability of survival occurred at 2.3 months, with a 1-year probability 
of survival of 37.5% and a 2-year survival probability of 28%. Treatment was 
not standardized in either of these studies. With early use of ACE inhibitors and 
selective P-adrenergic antagonists, prognosis may improve. 


CHF, 


individual animal's clinical 


an 


course 
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Hypertrophic cardiomyopathy (HCM) is an important disease in humans and 
cats, but is rare in dogs. 51 H 'M is a disorder of the ventricular myocardium 

characterized by concentric LV hypertrophy and impaired diastolic function. 
Nor infrequently, the right ventricle is hypertrophied as well. HCM is rhe most 

common cardiac disease of cats, occurring in 81% of all feline patients with heart 
disease. 52 HCM is considered primary if the hypertrophy is due to an inherent 

defect within the myocardium itself. Secondary HCM implies that the concen¬ 
tric hypertrophy is due to some other primary cause. LV hypertrophy may be 
secondary to pressure overload, such as aortic stenosis or systemic hypertension, 
or it may be secondary to abnormal hormonal stimulation, such as hyperthyroid' 
ism or acromegaly. 55,54 Although secondary LV hypertrophy is often not as severe 
as primary HCM, primary and secondary HCM cannot be reliably distinguished 

based on radiographic and echocardiographic findings. 
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In people. 11 CM is often an autosomal dominant, heritable disorder. Mutations 
responsible for the disease have been identified in genes such as a- and fi-myosin 

heavy-chain gene* troponin T gene, and the a-tropomyosin gene. 55 * 56 In most cats 
with HCM the disease is idiopathic. However, HCM has been shown to be heritable 
in several breeds including Maine Qwn cats, Persians, and American short-haired 

cats. 57 ' 59 HCM is inherited in Maine Coon cats as an autosomal dominant trait, 

with penetrance that increases to 100% in adulthood. 57 The specific genetic defects 

responsible for HCM in cats have not yet been identified. Hypertrophy in cats with 

familial 11CM is often severe at a young age and may be recognized in cats as young 

as 12 weeks of age. However, phenotypic expression of the disease may not he appar¬ 
ent in some cats with heritable HCM until approximately 3 years of age. 

The pathophysiology of HCM involves systolic and diastolic abnormalities 
as well as myocardial ischemia. However, impaired diastolic function is primarily 
responsible for the hemodynamic and clinical manifestations of the disease. Dia¬ 
stolic dysfunction refers to impaired capacity or the LV to accept hi 

fill without a compensatory increase in left atrial pressure. Impaired LV filling 
may result in dyspnea from pulmonary edema, or it may cause lethargy, syncope, 
or sudden death as a result of reduced stroke volume. Also, impaired LV filling 
impedes normal left irrtal flow predisposing to left atrial enlargement, circulatory 
stasis, and thromboembolism. 

Impaired diastolic function in cats with HCM is the result of both reduced 

ventricular compliance (increased ventricular stiffness) and impaired myocardial 

relaxation. Reduced LV chamber compliance occurs as a result of myofiber disar¬ 
ray and myocardial fibrosis and also from increased ventricular mass (decreased 

volume/mass ratio). Impaired relaxation refers to a reduced rate of myocyte ten¬ 
sion decline and reduced rate of LV pressure decline. Impaired relaxation attenu¬ 
ates early LV inflow. 

Myocardial ischemia is a feature of HCM that results from reduced capillary 
density, narrowed intramural coronary arteries, and increased extravascular resis¬ 
tance. Myocardial ischemia contributes to impaired relaxation by interfering 
with the energy-dependent intracellular movement of Ca ++ away from the sar¬ 
comeres into the sarcoplasmic reticulum and across the sarcolemma. In addition, 
myocardial ischemia predisposes to lethal arrhythmias. 

Several systolic abnormalities may be present in feline patients with HCM. 
Occasion illy, chronic ischemia and fibrosis results in impaired LV systolic perfor¬ 
mance. Some cats with HCM have mitral regurgitation from altered LV geome¬ 
try or from abnormal systolic motion of the mitral valve leaflets. Finally, some 
feline patients develop significant intraventricular .systolic pressure gradients. 


57 
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In cats with idiopathic HCM, the disease is most common in young adult 
male cats. The average age of affected cats is 6.5 years, witha range of 1 to 16 years. 
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Many cats with HCM show no clinical signs, and the disease is diag¬ 
nosed after a murmur, arrhythmia, or gallop is detects I during physical examina¬ 
tion done for an unrelated reason. The clinical signs and history of cats with 
H( 'M are tremendously varied. Symptomatic cats are usually presented for respira¬ 
tory distress due to pulmonary edema or pleur.il effusion. Coughing is rare. An¬ 
other common complaint in affected cats is acute pansis or paralysis subsequent 

to thromboembolism. Posterior paresis is due to thromboembolism at the terminal 
aortic trifurcation. Another relatively common site for a thromboembolic event 
is the right fore limb, and right forelimb lameness, even intermittent, can be a 

sign of thromboembolism. Lethargy may be a manifestation of 11 CM in some 
cats. However, exeicise intolerance often goes unnoticed in sedentary cats. Syn¬ 
cope may he a component of the history or the sole complaint, and syncope in 

cats with HCM is often secondary to cardiac arrhythmia. 60 Unfortunately, sudden 

cardiac death may also he the first clinical manifestation of the disease. 

Physical Examination. Physical examination of cats w ith HCM often reveals 

a murmur, an arrhythmia, or a cardiac gallop rhythm. When present, murmurs 

are systolic and usually reflect either secondary mitral regurgitation or turbulent 
flow in the LV outflow tract. In many cases, systolic murmurs result from multiple 

sites of intraventricular and intravascular turbulence. Increased respiratory rate 

and effort will he present in cats with pulmonary edema or significant pleural 

effusion. With pulmonary edema, inspiratory crackles may be heard. When pleu¬ 
ra effusion is present, a ventral fluid line and absence of respiratory sounds ven- 
trally may be appreciated. Jugular venous distention with or without pulsation 
may accompany pleural effusion. A prominent left-sided apical beat may also be 
palpated. If distal aortic thromboembolism is present, the femoral pulses w ill be 
very* weak or absent, and the nail beds of the affected limbs w ill be cyanotic. The 
limbs affected by the embolism will be cooler than the normal limbs, and, if the 
hind limbs are affected, the gastrocnemius muscle is often firmer than normal. 

Numerous ECO abnormalities including ventricular and supraventricu¬ 
lar tachycardias, premature ventricular contractions, chamber enlargement pat¬ 
terns, and conduction disturbances may be found. It is not unusual for affected 

cats to have multiple EC i abnormalities. Some, however, may have a normal 

ECG. Intraventricular conduction abnormalities consistent with left anterior fas¬ 
cicular block occur frequently. Intermittent arrhythmias causing syncope may 
require event recording or telemetry for diagnosis. 

Survey radiographic findings in cats with HCM may vary consid¬ 
erably depending on the extent of hypertrophic change, the degree of myocardial 

dysfunction, the presence of secondary' chamber enlargement, and the severity of 
circulatory congestion. Thoracic radiographs are a fairly insensitive method of de¬ 
tecting HCM, especially in the early stages of the disease. Because cardiac hypertro¬ 
phy occurs in a concentric pattern, some cats have no appreciable enlargement of 
the cardiac silhouette. Frequently, however, survey thoracic radiograplis show mild 
to moderate LV enlargement with more severe left atrial enlargement (Fig. 34-4). 

Occasionally, more generalized enlargement of the cardiac silhouette is present 
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because or the presence of pericardial effusion or secondary right-sided heart failure. 
In cats with respiratory distress, pulmonary venous distention and pulmonary edema 

are common radiographic abnormalities. Pleural effusion may also be present. 

lie diagnosis of primary HCM is made by demonstrating 

concentric LV hypertrophy without an apparent cause. Echooudigraphic exami¬ 
nation provides a practical, noninvasive method of diagnosis, when known causes 
of hypertrophy are eliminated. Two-dimensional echocardiographic examination 
is used to show the extent and distribution of hypertrophy and to identify other 

cardiac lesions that may cause secondary LV hypertrophy. Although standard M- 

nuxle measurements of septal and LV caudal wall thickness are list'd to quantity 

the severity of hypertrophy, some affected cats have hypertrophy that is more 

severe in the basilar septal area of the ventricle. In these cats, standard M-mode 

measurements may he misleading if used solely for diagnosis. Four patterns of LV 

hypertrophy have been identified in cats with primary HCM. 61 These patterns are 
(1) diffuse, symmetric thickening of the interventricular septum and ventricular 

caudal wall; \ 2) hypertrophy of the ventricular caudal wall primarily; (3 1 hypertro¬ 
phy of the interventricular septum primarily; and (4) hypertrophy of regional areas 
of the LV. The interventricular septum or LV caudal wall is considered thick if 
greater than 6 mm during diastole in adult cats. 61 Often cats with HCM have an 

LV chamber diameter that is decreased during both diastole and systole. In people 
with HCM a decrease in LV chamber size has been associated with functional 

limitation and history of syncope, regardless of the severity of hypertrophy. 62 Some 

cats have hypertrophy of the right ventricular wall m addition to LV hypertrophy. 

The left atrium may or may not he dilated in cats with HCM, hut left atrial 
enlargement is indirect evidence of significantly impaired diastolic function in 
cats without mitral regurgitation. With severe left atrial enlargement spontane¬ 
ous echo contrast (“smoke”) or thrombus may he noted on echocardiography. 
“Smoke” may reflect stasis of blood flow in the atria and he a precursor to throm¬ 
bus formation. 6 - 

Spectral or color Doppler may show abnormally high blood flow velocity 
in the LV outflow tract and aortic root in some cats with HCM. It is unclear 
whether the increased velocity of blood flow reflects dynamic outflow obstruction 
or a hyperdynamic ventricle ejecting a small volume of blood rapidly. Systolic 
anterior motion (SAM) of the mitral valve, usually best appreciated on M-mode 
echo, may he produced as a result of this high flow velocity (Venturi effect). 

SAM often causes varying degrees of mitral regurgitation. 

Assessment of diastolic function can he accomplished with Doppler echo¬ 
cardiography. Pulsed-wave Doppler used to interrogate LV inflow through the 

mitral valve can give an estimate, noninvasively, of diastolic function and the 
degree of diastolic functional impairment in cats with HCM. 
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Commonly, the first clinical signs of heart disease cats with HCM are those 
associated with CHF. Respiratory distress due to pulmonary edema or pleural 
effusion must be treated promptly and aggressively. In this situation, parenteral 


Copyrighted material 




Cardiomyopathies I Chapter 34 


administration of a loop diuretic and, possibly, therapeutic thoracocentesis are 
immediate therapy for relieving congestion thereby stabilizing respiratory status. 
Acute treatment of CHF is described in greater detail in Chapter 30 of this text. 

Chronic management of HCM should include agents designed to improve 
diastolic function. The (J-adrcncrgic blocking agents have been used to treat 

humans and cats with HCM (atenolol, 0.5-1.0 mg/kg PO q 12 h). 5565 The bene¬ 
ficial effects of P-blockers arise from a reduction in heart rate which, in turn, 
prolongs diastole and increases the time available for passive LV filling.^ By 

decreasing inotropic state, (5-blockers also reduce myocardial oxygen demand 
and possibly prevent arrhythmias potentiated by ischemia and catecholamines. 

Calcium channel blockers, such as dilnazem have also been advocated for treat¬ 
ment of feline HCM.* 6 In addition to reducing inotropic state and myocardial 
oxygen demand, diltiazem improves LV diastolic function by increasing the rate 
and extent of active relaxation. Diltiazem is a potent coronary vasodilator, an 
effect that may reduce myocardial ischemia in cats with HCM. At therapeutic 

doses, the effect of diltiazem on heart rate is less profound than the effect of P- 

adrenergic antagonists, and this drug should not be dosed based on heart rate 
reduction. Diltiazem is available in several dosage forms. Standard diltiazem may 
be administered using a dose of 1.75 to 2.0 mg/kg orally three times a day. The 

drug in this form may be mixed in a palatable liquid or formulated into a transder- 
mal gel by a compounding pharmacy. Cardizem CD (Hoechst Marion Roussel) 
is administered at a dose of 10 mg/kg orally once daily. The recommended dose 
of Dilacor XL i(Rhone-Poulenc Rorer) is 10 mg/kg orally every' 12 to 24 hours. 

Treatment with P-blockers versus calcium channel blockers has been com¬ 
pared in only a few studies of cats. In one study of 17 cats, those receiving diltia¬ 
zem had greater clinical improvement than those receiving propanolol (Inderal, 
Wyeth-Ayerst). 66 Long-term use of diuretics in cats with CHF from HCM may 

not be necessary' in all patients, and when used chronically, diuretics should be 

administered at the lowest possible dosage that will prevent recurrent edema.* 1 ' 

The ACE inhibitors may be beneficial, as additional therapy, for the control of 

congestion in cats with refractory or biventricular failure. The results of a study 

of 52 cats indicates that the ACE inhibitor, benazapril (Lotensin, Novartis, 0.5 
mg/kg PO q 24 h), provides some beneficial effects on clinical status and cardiac 

remodeling when given in addition to diltiazem. 

Treatment of acute arterial thromboembolism in cats should include admin¬ 
istration of heparin to prevent extension of the thrombus. Thrombolytic therapy 
is an alternative strategy, but involves the risks of hemorrhage and reperfusion 
injury. Anticoagulation with warfarin (Coumadin, Dupont) should be consid¬ 
ered for long-term management of cats with thromboembolism. Unfortunately, 
recurrence of thromboembolism occurs at a high rate (43.5%) even in cats re¬ 
ceiving “appropriate” anticoagulation. 


68 


The prognosis for cats with HCM is highly variable. In one study, the me¬ 
dian survival was 732 days, with over one third of affected cats alive 5 years 
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after diagnosis. 1 Not surprisingly, cats without clinical signs in this study survived 
longer than cats with heart failure or embolism. The median survival times of 
cats with heart failure or embolism were ^2 and 61 days, respectively. 1 Some 
data suggest that in feline HCM patients, survival is adversely affected by t he 

magnitude and extent of LV hypertrophy.* 1 






Restrictive cardiomyopathy (RCM) is a myocardial disorder characterized 

by impaired ventricular filling that results from endocardial, endomyocardial, 

or myocardial infiltrate. Several systemic disorders, such as lymphosarcoma and 
amyloidosis, can produce myocardial infiltrate and secondary RCM. In cats with 
primary RCM, the infiltrate is fibrous and usually idiopathic. 70 Some authors 
have suggested that feline primary RCM be subclassified as myocardial RCM or 
endomyocardial RCM because of differences in echocardiographic features and 
possible differences in etiology. 

RCM is an important disease in domestic cats. In one retrospective study 

looking at nearly 1500 feline necropsies, RCM represented the cause of death 

in more than 4%. 71 




Some cats with RCM have inflammatory and fibrous endocardial and suben- 
docardial infiltrate. The inflammation and fibrosis in these cats are most likely 

sequelae of previous viral infection or virally mediated stimulation of cellular 
immunity. 72,71 More commonly, cats with primary RCM have myocardial fibrous 
infiltrate with little inflammation. The fibrosis can be patchy, multifocal, or dif¬ 
fuse in distribution. 74 In these cats the fibrosis may be a long-term result of isch- 

emia and scarring from chronic, suhclinical hypertrophic disease. 75 It is probable 

that in cats primary RCM is, actually, an end-stage manifestation of several dif¬ 
ferent etiologies. However, by the time RCM is recognized in most cats, the 
underlying etiology is no longer apparent. 

I lie presence of infiltrate in the endocardium or myocardium results in a loss 

of normal ventricular compliance. Subsequently, there is a significant increase in 
diastolic ventricular pressure associated with ventricular filling (greater slope of 
the LV diastolic pressure volume relationship). Thus, in cats with RCM there 
is a greater end-diastolic pressure associated with a given end-diastolic volume. 
Consequent y atrial pressure must increase to overcome the increased ventricular 
stiffness and resistance to filling. In people, RCM is associated with characteristic 

hemodynamic abnormalities including a rapid decline in LV pressure during early 

diastole (normal active relaxation), a rapid rise in early LV pressure due to a 

large atrial-ventricular pressure gradient immediately following mitral valve 

opening, an abnipt plateau in LV pressure rise associate with abrupt decline in 
tilling during mid to late diastole, and decreased cardiac output (Fig. 34-5). Thus, 
the hemodynamic profile of patients with RCM is similar to that of patients 
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Figure 34-5 

Schematic showing LV, aortic, and left atrial pressures in a normal individual and in a 

patient with restrictive physiology. With restriction there is a rapid, early decline in 

LV pressure in diastole followed by a rise and plateau in ventricular pressure during 
early filling. The schematic also shows typical pulsed Doppler features of RCM includ¬ 
ing reduced isovolumic relaxation time; a tall, narrow early filling peak (E wave); and 

attenuated atrial systolic inflow (small A wave). LV, left ventricular pressure; AO, aor¬ 
tic pressure; LA, left atrial pressure; IVRT, isovolumic relaxation time; DT, deceleration 
time of early inflow. 


with ci nstnctive pericardial disease. Pressure tracings ana Doppler studies of LV 

tilling obtained from feline patients with RCM suggest that the pathophysiology 

is similar in cats. Very high a trial pressures develop in cats with RCM predispos¬ 
ing to both left- and right-sided CHF. 








Rehtrictive cardiomyopathy is most common in older eats, but is occasion 
alls found in young cats. No breed or gender predilection has been established. 

Most often, cat^ with RCM are brought no the veterinarian because 
of acute, severe respiratory distress due to CHF or because of acute paralysis 
from thromboembolism. Although, biventricular failure with ascites is frequently 
present, owners do not usually do not notice this clinical sign in cats. Some 
affected cats are presented for syncope, with or without other signs of cardiac 

disease. 


5J 


Physical Examination. Physical examination findings are variable. Dyspnea 

or tachypnea, with or without the presence of pulmonary crackles, may lie pres¬ 
ent. A ventral fluid line may he auscultated if pleural effusi >n is present. A soft, 
systolic murmur over the mitral or tricuspid valve may be heard An S 4 gallop 
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is often audible as well. Diastolic murmurs reciting trom aortic regurgitation 

may be present in some affected cats. Arrhythmias, particularly atrial fibrillation, 

are commonly noted during physical examination of cats with RCM. 74 Because 

most feline patients with R( 'M have biventricular failure, ascites, jugular disten- 

sion, and pulsation are often present. 

Cats with ROM often have arrhythmias, and many times more than one 

arrhythmia is present. In cats with syncope, it may not be obvious which arrhyth- 
mia is responsible for the syncopal episodes (Fig. 34-6). Both supraventricular 
and ventricular tachyarrhythmias arc common, and many cats have atrial fibril¬ 
lation. Bradyarrhythmias suggestive of degeneration or infiltrate of the cardiac 
pacemaking and conduction system may he present in some patients. Examples 

of such bradyarrhythmias include complete atrioventricular block and sinus ar¬ 
rest with inadequate escape (see Fig. 34*6). 

Left ventricular enlargement may result in widening of the QRS complexes 

or increased amplitude of the R wave in leads II, III, or aVF. However, the QRS 

amplitude may be decreased if there is significant pleural or pericardial effusion. 
Wide or tall P waves may be seen secondary to atrial enlargement. Intraventricu¬ 
lar conduction disturbances resulting in splintered QRS complexes or a bundle 

branch block pattern can be seen. Arrhythmias such as atrial premature com¬ 
plexes, vernacular premature complexes, or arrial fibrillation are quite common. 

Radiography. The cardiac silhouette is usually significantly enlarged often 

with dramatic left and right atrial enlargement. Interstitial or alveolar infiltrate 
in varying amounts with pulmonary venous enlargement is apparent in most 
cases. Pleural effusion in common. W ith right-sided CHF, an enlarged vena cava 
and hepatomegaly, usually with ascites, can be seen. 

Definitive diagnosis of RCM can he made using cardiac 

catheterization and demonstrating the classic restrictive hemodynamic partem 
that indicates the abrupt, premature cessation of ventricular filling. Diagnosis 
of RCM is suggested nonmvasively with the use of standard echocardiographic 

imaging and Doppler echocardiography. (3n the standard echocardiogram, severe 
left atrial enlargement is usually present, and generally the right atrium is moder¬ 
ately to severely dilated as well. The LV is normal in size or slightly dilated, and 
hypertrophy, if present is mild and often regional. Endocardial or endomyocardial 
fibrosis may appear as a distinct band of increased echogenicity. The LV wall 
can appear speckled or heterogeneous due to focal patchy infiltrate within the 
myocardium. Indexes of LV systolic function are normal to mildly reduced. One 

or more focal abnormalities are often seen on echocardiographic examination of 
the LV. These abnormalities include such features as focal areas of wall thinning, 
excessive LV moderator hands, regional hypo kinesis, and areas ot fibrosis. 74 In 
most cats the right ventricle appears slightly to moderately dilated. 

Color Doppler evaluation of blood flow in tarn w it It RCM may reveal mild 

mitral or tricuspid regurgitation or both, but the degree of regurgitation is dispro¬ 
portionate to the degree of atrial enlargement. Pulsed Doppler may be used to 
document the characteristic abnormalities ot LV inflow associated with RCM. 
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With restrictive physiology, the isovolumic relaxation time determined from si- 
multaneous recording of LV inflow and outflow is reduced because of early open' 
ing of the mitral valve. There is an abnormal increase in the peak velocity of 
early inflow due to the very high left atrial pressure. However, the velocity of 

early inflow declines very quickly the atrial and ventricular pressures quickly 
equilibrate. Thus, the early inflow signal (E wave) is abnormally tall and narrow 
in affected cats. Conversely, the late diastolic inflow signal (A wave) is smaller 
than normal in RCM because little atrial systolic flow is achieved because of 

the very high intraventricular pressure in late diastole (see Fig. 34-5). 76 With 

rapid heart rates typically found in affected cats, the early and late diastolic 
filling signals often superimpose making it difficult to obtain an accurate Doppler 
examination of LV inflow. Nonetheless, isovolumic relaxation time can usually 
lx* measured accurately. 




iir 


g7*j 


Unfortunately, there are no clinically proven medical therapies for RCM 
in cats. Therapy is often directed at alleviating congestion or preventing throm- 

boembolism. Diuresis to relieve pulmonary and systemic congestion must be ag- 

gressive enough to relieve edema, yet not so aggressive that cats become severely 

dehydrated and azotemic. Combining diuretics may be required to prevent respi- 

ratory distress caused by recurrent pulmonary edema and pleural effusion, Thera' 

>eutic thoracocentesis must be done if pleural effusion is compromising ventila¬ 
tion and oxygen exchange. ACE inhibitors may be helpful for relieving 
congestion and may also inhibit the deleterious peripheral and myocardial effects 
of angiotensin II. Cats with hypertrophy noted on echocardiographic examina¬ 
tion may benefit from the lusitropic effects of diltiazem. Diltiazem may also im¬ 
prove coronary flow thereby reducing the ischemia that may be ongoing in some 

cats. 74 Stroke volume should be augmented by optimizing heart rate and rhythm. 
However, sinus tachycardia is usually beneficial in patients with this form of 
cardiomyopathy because nearly all ventricular filling occurs in early diastole. 

Treatment of hemodynamically significant arrhythmias should he addressed. 


I 




The long-term prognosis for humans and cats with ROM is poor. 4 Fre¬ 
quently, cats develop refractory CHF or fatal thromboembolism within the first 

several months of treatment. With medical management, cats will occasional y 
remain in a compensated state for 8 to 12 months following the onset of clinical 
signs. Sudden death is a common event. 
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Sheila McCullough 


Near drowning is the third most common cause of accidental death and is the 

second most common cause of death in humans under 44 years. Near drowning 
incidents in the US are estimated to he 15,000-70,000 per year 

in companion animals is unknown 

Near drowning accidents are divided into immersion syndrome and sub 
mersion injuries. Immersion syndrome results in immediate death upon cold 
water contact. Submersion injury is divided into three groups: drowning, near 

drowningt and save* Drowning is a submersion injury that produces death within 

24 hours. Near drowning may result in either secondary drowning or survival 
Secondary drowning is defined as death from complications of submersion. Pa 
tients in the survival subgroup may require medical intervention to support life 

save is when the victim is 
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during the critical 

rescued without any adverse effects which require medical intervention. 

on existing literature, near drowning is the patient category that re 

quires intensive support and care. For this reason 

be based on the near drowning syndrome and associated complications. 


incident period. A primary 
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The majority of submersion accidents (>85%) result in pulmonary fluid aspira 
tion. 


2 4 


The saline content of the aspirated fluid (salt vs. fresh water) plays 

significant role in the systemic pathology produced by the near drowning inci 

dent. Fresh or salt water aspiration may produce laryngospasm, pulmonary edema, 


a 


and acute respiratory distress syndrome (AR1 )S). Systemic hypo 


xemia 


volemia may precipitate myocardial ischemia, acute renal failure, acute hepatic 

Anoxic brain 


2 —4 


failure, and multiple organ 


dysfunction s 

damage results in cerebral edema, increased intracranial pressure and permanent 
ischemic damage. 










Fresh water dilutes pulmonary surfactant creating an increased alveolar sur 

face tension, alveolar collapse, and atelectasis increasing ventilatknvperfusion 
mismatch and intrapulmonary shunt. 2-4,7 " 9 The physical presence of water in al 

by creating a diffusion barrier 

for oxygen. Water is rapidly absorbed from the alveolus into the bloodstream 
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Section V I Respiratory Failure 

expanding intravascular free water volume. This expansion does not generally 
cause electrolyte imbalance. Large volume a>piration may create Jilutional hypo- 
natremia and potassium shifts secondary to red cell lysis and hypoxic tissue Janv 

2 - 4 , 7-9 


age. 


The presence of salt water in the alveolus does not disturb surfactant pro- 
duction from Type 11 pneumocytes; thus, atelectasis is not a main feature of 

salt water aspiration. In contrast to fresh water, systemic hypoxemia is mainly 

associated with alveolar flooding. 2-4,7-9 The mechanism responsible for this effect 
is redistribution of intravascular fluid into the alveoli because of the increased 
osmolarity inherent in salt water. Intravascular fluid depletion results in hemo- 

concentration, hypovolemia, and hypotension. 2 " 9 Electrolyte disturbances (hy¬ 
pernatremia) are clinically significant when greater than 22 ml/kg of fluid is 

aspirated in adults. 2 " 9 Secondary electrolyte disturbances such as hypercalcemia 
and hypermagnesemia are seen in high mineral content water. 2 " 9 

A minority (less than 12%) of near drowning victims do not aspirate large 

water volume. 2-4 In these patients, aspirated water triggers severe laryngospasm. 
It is theorized that continued breathing efforts during this period will create 

negative pressure pulmonary edema. Intrathoracic pressure changes secondary to 

laryngospasm increase intrathoracic blood volume, increase pulmonary artery 

pressure, and decrease pulmonary interstitial pressure. 2 ' 4,7-9 The combination of 
these events produces fluid movement into the interstitial space and edema for¬ 
mation. 


Immersion in cold water will elicit the “dive reflex” that creates severe 
bradycardia and intense peripheral vasoconstriction. Peripheral blood is shunted 

to the body core and total 
basal metabolic rate and oxygen consumption thus shielding the body from the 
damaging effects of prolonged hypoxemia. However, prolonged hypothermia may 

result in fatal arrhythmias. 


y hypothermia occurs. Hypothermia decreases 


Clinical presentation in near drowning patients is highly variable. A key diagnos¬ 
tic indicator is level of consciousness at time of presentation. Patients that arrive 

with a normal level of consciousness do not generally demonstrate vital sign 

changes or abnormal physical findings. Patients that arrive with a depressed level 

of consciousness must be carefully evaluated for systemic injury. A thorough 

physical exam, thoracic auscultation, and vital sign collection (ECO, BP,SaO 
temperature) will focus the clinician on possible organ injury and secondary 

pathology. 


1 * 


If loss of consciousness is present, it must be determined if this occurred as 

part of or prior to submersion (concussive injuries). This point is important in 

that the sequence determines whether near drowning patients may have ingested 
large volumes of water or stomach contents. 
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Near Drowning I Chapter 35 

It is imperative for the clinician to remember that prognostic indicators 
(mentioned below) are reliable but not absolutely predictive in every patient. 




Despite attempts to determine definitive prognostic indicators for near drowning 

victims, there is limited information in the literature to guide the emergency 

clinician. It is critical that the clinician evaluate and treat each case aggressively 
regardless of presentation. Near drowning victims that arrive in a conscious state 
without neurologic injury have an excellent chance of survival. Patients that 

arrive in a depressed state of consciousness should be extensively evaluated. The 

use oi scoring systems such as the Orlowski score, C lascow Coma Scale, and 

Pediatric Risk of Mortality (PRISM) have been evaluated with mixed results. 
Evaluation of the Small Animal Coma Scale in near drowning victims has not 

been reported in the literature. 

Initial evaluation includes a complete blood count, chemistry panel, and 

arterial blood gas. If possible, an arterial line should be placed and serial blood 
gases should I e evaluated as the patient is being re*wanned. Blood gases that 
reveal metallic acidosis (pH < 7.1) and hypoxemia should be aggressively 

treated with fluid infusion and oxygen. Patients that exhibit severe hypoxemia 

and hypercarbia may benefit from ventilation, pulse oximetry, and capnography. 

Serial monitoring of the electrolyte status is beneficial in all patients. 

Patients may experience hypernatremia, hyperkalemia, and hypermagnesemia. 

In addition, monitoring of the patient’s cardiac status is advised during re-warm- 

ing due to arrhythmia potential. M,B ~ 9 Any patient that has sustained head or 

spine trauma should be evaluated with a CT scan. Normal CT scans within the 
first 24 hours are not always predictive of a positive outcome. Serial evaluation 
of the patient’s neurological status is necessary. Unmanaged seizure activity dur- 
ing this period may contribute to a poor outcome. 


7-9 




The degree of cerebral damage sustained during the immersion period is the 

limiting factor for survival. Resuscitation should he directed at maintaining cere- 

bral perfusion and oxygenation and decreasing intracranial pressure. 

Near drowning victims should be removed from the water and resuscitation 

mea>ure> immediately >tarted. Prehospital care should include airway manage¬ 
ment, oxygen delivery', and ventilatory support. An intravascular access should 
be established to provide fluid support. CPR and slow re-warm mg should be 

started during transport to the nearest hospital. An electrocardiogram (EKG) 

should be monitored during patient re-warming. 

Upon arrival at a facility, vital signs (temperature, puke, respiration), blood 

pressure, central venous pressure (CVT), and urine output should he continu¬ 
ously monitored. In fresh water aspiration cases, ( \ P will generally increase in 
the immediate post aspiration period and return to baseline values within 1 to 
2 hours. Aspiration * t large amounts of salt water will initially increase tlien 
decrease CVP as the onset of pulmonary edema occurs (decrease in effective 
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Section V I Respiratory Failure 

circulating blood volume) 
glucose, and visceral organ function is essential to determine secondary organ 

pathology. 

Secondary survey may indicate a need for mechanical ventilation. Supple* 
mental support using continuous positive airway pressure (CPAP) or positive 
end expiratory pressure (PEEP) may be necessary to maintain lung expansion 
and improve gas exchange. Ventilatory therapy may required for 2-3 days until 
surfactant activity recovers. Fresh water injury usually requires longer ventilatory 

times than salt water aspiration due to surfactant dilution. 1 he use of warm butyl 

alcohol in salt water aspiration victims has shown moderate success in breaking 

down small hubbies thought to cause small airway obstruction. 

Hospital based resuscitation should also be directed at maintaining cerebral 
perfusion and oxygen delivery and decreasing intracranial pressure. Controversy 

exists regarding specific therapeutic management of neurologic sequelae in near 

drowning patients. Management of increased intracranial pressure may require 

use of mannitol, anti-convulsants, and controlled ventilation (see chapter 71). 
Administration of steroids has not been proven effective tor intracranial pressure 
management. The treatment of secondary brain injury with tree radical scaven* 

gers, prostaglandin antagonists, calcium channel blockers, dimethylsulfoxiJe, 

opiate receptor antagonists, and anesthetics is currently under investigation. 3 
Antibiotic usage should be reserved for patients that have aspirated contami* 

nated water or stomach contents. 


2 - 4 . 7-9 


Sequential evaluation of blood gases, electrolytes, 


Numerous studies have shown that key factors in survival include the time from 

incident to CPR, the quality of resuscitation, and the degree of intensive care 
monitoring. Factors associated with a grave prognosis include submersion time 
greater than 5 minutes, initial pH less than 7.1 on presentation, requirement 

for continued CPR upon arrival at the hospital (except ice*water injuries), persis- 

tence of a coma in the emergency room, fixed and dilated pupils, elevated ICP, 

and young age (<3 years old).* The likelihotxl of survival increases it cold water 

immersion occurs. 

The degree of central nervous system damage is a key prognostic indicator 

Approximately 25% of near-drowning victims will die and another 6% will de* 
velop permanent neurologic sequelae. 4 Level of consciousness upon arrival at 
the hospital appears to he the most positive prognostic indicator. Human patients 
who arrive at the hospital either awake or with a Hunted level of consciousness 
have an excellent chance for normal survival with intensive pulmonary and 

cardiovascular care. In one study, 40*50% of children who are comatose on ad* 
mission survive normally. Early prognostic evaluation of near drowning patients 

may he difficult. Use of scoring systems such as the Orlowski score, Glascow 

Coma Scale, and Pediatric Risk of Mortality PRISM have been evaluated for 

prognostic prediction with mixed results. Retrospective studies caution that in 

near-drowning victims normal CT scans within the first 24 hours are not always 
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predictive of a positive outcome . 7 ' 4 Diagnostic evaluation of human patients 

measuring evoked potentials is a reliable tool in predicting patient outcome. 
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Acute respiratory distress syndrome (ARDS) is a severe inflammatory disorder 

of the lung that is a common cause of respiratory failure in critically ill dogs and 

cats. Numerous synonyms exist, including “shock lung,” “traumatic wet lung,” 
“adult hyaline membrane disease,” and “capillary leak syndrome.” All these terms 
refer to the same syndrome of lung inflammation, cellular infiltration, and capil¬ 
lary leak, which can he classified as a form o noncardiogenic pulmonary edema. 

The clinical presentation of this syndrome is variable in severity, with a spectrum 

from subclinical to fulminating. The consensus terminology is that ill degrees 

of this syndrome should be referred to as acute lung injury (ALI), and arbitrarily 

that the most severe manifestation should be termed ARDS. 1 Older terminology 

using the term “adult” rather than “acute” has now been discarded in human 
medicine in recognition of the fact that the syndrome is not found exclusively 

in adult humans. 1 We recommend that the term “acute” should also be used in 

veterinary patients for the same reason. 
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The response of the lung to an acute insult is fairly stereotypical and predictable. 

The inflammation that results in ALI and ARDS may originate in the lung itself vine 
to a direct pulmonary insult, t >r it may be part of a generalized inflammatory response 

syndrome (Table 36-1). In the small animal CCU, ARDS is most commonly seen 

as a sequela of the systemic inflammatory response syndrome (SIRS) or sepsis. 

In sepsis, a generalized inflammatory process (SIRS) is triggered by bacterial 

endotoxin, which results in activation of tumor necrosis factor and proinflam- 
matory interleukins, thus initiating an avalanche of diverse inflammatory media¬ 
tors and activation of cells such as neutrophils and macrophages. This common 

pathway of inflammation can affect the function of any or all organ systems in 

the septic patient. The progression of disease is related to a balance between 
proinflammatory and anti-inflammatory' mediators in the lung and in the sys¬ 
temic circulation. Patients with SIRS that develop respiratory failure due to 
ARDS are simply demonstrating a local pulmonary manifestation of global 

SIRS. 


There are a few reports of ARDS as a result of SIRS in the veterinary* 
literature, and it is important to remember that SIRS is not always triggered by 
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Aspiration pneumonia 


- Parvoviral infection 

- Dermatitis/cellulitis 

- Catheter related 

- Pyometra 

- Endocarditis 

Systemic inflammatory 
syndrome 

- Organ torsion (stomach, 

spleen, lung lobe) 

' Pancreatitis 

re shock 

Multiple transfusions 
Cardiopulmonary bypass 


Pulmonary contusion 

Bacterial pneumonia 
Smoke inhalation 

Oxygen toxicity 
Fat embolism 

Near drowning 

Noncardiogenic pulmonary edema 

- Strangulation 

► Head trauma 

- Seizures 
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bacterial sepsis. Organ torsion, a frequent occurrence in dogs, may trigger SIRS as 
a result of tissue necrosis without endotoxemia. 2 * 3 Sepsis due to canine parvoviral 

enteritis resulted in ARDS in 69% of dogs in one study of necropsy findings. 

Necrotizing pancreatitis is another common cause of SIRS and ALI, secondai y to 
vascular endothelial damage by activated proteases and associated inflammation. s 

Alternatively, ARDS may be triggered by local pulmonary injury states such 

as severe aspiration or bacterial pneumonia, pulmonary contusions, or smoke 

inhalation. These insults may trigger an inflammatory response that can become 
generalized within the lung parenchyma. Proinflammatory cytokines may also 
be locally produced in the lung by inflammatory cells, lung epithelial cells, or 

hbroblasts. Dogs with noncardiogenic pulmonary edema after strangulation, 

choking, or seizures may occasionally demonstrate fulminating, rapidly prot^res- 
sive ARDS. 2,3 ARDS has also been reported in one doi* following severe trauma 

and pulmonary contusions. 6 These case reports highlight another feature of 
ARDS; often multiple etiologies may be present and the inflammatory response 

may occur as a result of both direct lung injury and SIRS due to severe shock. 

Occasionally, ARDS occurs for no apparent reason. In one case series of 

19 dogs with histopathologically documented ARDS, predisposing factors could 

not be identified in 5 of the dogs.* Another case series of 11 related young Dalma¬ 
tian dogs documented ALI similar to ARDS of unknown etiology. 7 It is unclear, 
however, whether this group of dogs suffered from the same syndrome commonly 

seen in the small animal ( TJ. 

Because the lung ha> only one way to respond to inflammatory damage, the 
clinical and histopathologic findings are similar for all etiologies. In dogs with 

ARDS, the initial stages of the syndrome begin as a diffuse exudative vascular 
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Figure 36-1 

Histopathology of the lung of a dog with acute ARDS diagnosed on postmortem ex 
animation (x20 and X40) The capillaries are dilated and filled with red blood cells. 

The alveoli contain a mixture of red cells, neutrophils, macrophages, and strands of 

fibrin. (Courtesy of Dr. Tom Van Winkle, Laboratory of Pathology, University of Penn 

sylvania.) 
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Figure 36-2 


Radiographs of a 6-year-old fe¬ 
male spayed mixed breed dog 
that presented with increased re¬ 
spiratory rate and effort. She was 

anesthetized for diagnostic test¬ 
ing, including these thoracic radio¬ 
graphs, which show a diffuse, 

patchy alveolar pattern consistent 
with ARDS. Her oxygenation sta 

tus continued to decline despite 
positive pressure ventilation, and 

she was euthanized. On necropsy, 
a diagnosis of severe subacute to 
chronic interstitial pneumonia 

with ARDS was made. 
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are normal on the thoracic radiographs. Evidence of cardiomegaly or enlarged 
pulmonary vessels should prompt consideration of left-sided congestive heart 
failure rather than ARDS. Elevation of central venous pressure or pulmonary 
capillary wedge pressure (>18 mm Hg) can also help to suggest a component 

of congestive heart failure or fluid overload. 

Oxygen tension indices are a useful way of monitoring pulmonary function 

in the ARDS patient. Alveolar-arterial O 2 tension gradients are 

routinely 500 to 600 mm Hg in one case series. 1 lie ratios of PaC \ to forced 

inspired 0 2 (Fio 2 ) are also significantly low (reference range 432.4-564.6 mm 

Hg 8 ). Typically, a PaC^/FiO: ratio less than or equal to 300 is considered to be 
consistent with a diagnosis of AL1, whereas a Pa02/Fio 2 ratio of less than or 
equal to 200 is considered to be consistent with a diagnosis of ARDS. 1 The lungs 
of animals with ARDS usually have poor compliance, and extremely high mean 

and peak airway pressures are noted when positive pressure ventilation is used 

Pulmonary hypertension may occur in severely affected patients due to oblitera- 

rum of the pulmonary capillary d. 
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usually high, 
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There are a number of important differential diagnoses for AL1 and ARDS. Fluid 
overload and cardiogenic pulmonary edema are common differentials, especially 
in animals with documented heart disease or those that have received an aggres¬ 
sive volume of intravenous fluids. Atelectasis may contribute to alveolar lung 
disease in animals that have been recumbent or anesthetized for long periods. 

Atelectasis is typically associated with a mediastinal shift in the direction of the 
lung lobe collapse. The atelectatic alveolar pattern resolves quickly (within 
hours) following lung re-expansion. Pulmonary hemorrhage is another key differ¬ 
ential diagnosis. A high index of suspicion should be noted in animals with 

coagulopathies or those that have developed ARDS following trauma. Pulmo¬ 
nary thromboembolism is a common complication of critical illness in dogs. Pul¬ 
monary thromboembolism typically causes hyperlucent lung fields, but severe 
thromboembolic disease can produce a diffuse alveolar pattern on thoracic radio¬ 
graphs. Bacterial pneumonia frequently occurs in critically ill dogs, often in addi¬ 
tion to ALI or ARDS. However, bacterial pneumonia is typically distributed in 
the cranioventral lung fields on thoracic radiographs. Neoplastic infiltrates must 

be considered in any critically ill patient with undiagnosed disease. 


ka 
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Patients with ALI or ARDS are extremely critical and require intensive manage¬ 
ment, The first priority is to address t re underlying cause of SIRS or primary 

lung injury. For example, splenectomy would be a priority in an animal with 

ARDS secondary to splenic torsion. In that case, ARDS is a sequela of SIRS 

secondary to tissue necrosis and cytokine activation. Removal of the necrotic 
tissue would be a priority to arrest the inflammatory res; >onse that initiated SIRS. 

Most primary lung injuries such as neurogenic pulmonary edema, smoke inhala- 
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tion, or traumatic pulmonary contusions occur as a single insult* rather than an 

ongoing process, fherefore, resolution of the underlying disease has typically 

already occurred by the time ARDS has become established. Aspiration pneumo- 

nia is the exception because repeated episodes often occur and should be pre¬ 
vented to allow resolution of the ALL 

The second priority in the patient with AL1 and ARDS is to carefully evalu¬ 
ate fluid therapy and the possible contribution of fluid overload to pulmonary 
dysfunction. Administration of intravenous fluids may result in worsening lung 

dysfunction secondary to increased pulmonary edema formation. However, it is 

important to give enough fluid support to ensure adequate tissue perfusion and 

O 2 delivery, because inadequate tissue O 2 delivery will tend to exacerbate SIRS. 
Thus, the ARDS lung should be kept relatively “dry,” but care should be taken 

not to restrict fluids so much that tissue perfusion suffers. Measurement of central 

venous pressure or pulmonary capillary wedge pressure can provide invaluable 

information about the intravascular volume status. Serial measurements of h 
weight interpreted in conjunction with physical examination findings can sig¬ 
nificantly aid in clinical evaluation of the patient. If volume overload is present, 

judicious administration of diuretics such as furosemide often improves lung 
function. It fluid overload is not present, furosemide may not improve lung func¬ 
tion. Furosemide may result in a deterioration of the patient’s condition by de¬ 
creeing the intravascular volume, resulting in diminished tissue O 2 delivery. 

Colloid support should be considered in the ARDS patient, because most are 

hypoproteinemic. Fresh-frozen plasma is the ideal colloid, because it also supplies 
coagulation factors and acute phase proteins in addition to albumin. If insuffi¬ 
cient supplies of plasma are available, especially in large patients, synthetic cob 
loids such as hetastarch should also be administered. 

1 ^xygen supplementation is required for any patient with impaired gas ex¬ 
change that produces hypoxemia. Animals with mild AL1 often respond well to 
O 2 supplementation alone, hut hypoxia is usually so severe in ARDS that simple 
>2 supplementation is insufficient to correct hypoxemia. Many animals with 
ARDS require positive pressure ventilation ro achieve adequate gas exchange. 

Positive end-expiratory pressure is required to recruit alveoli and increase func¬ 
tional residual capacity, thereby allowing ventilation at lower F 102 values and 
prevent cyclical alveolar reopening and stretching with each breath. Ideally, F 102 

should he kept less than 0.6 to prevent h toxicity from contributing to the 

acute lung injury. Current recommendations suggest that tidal volumes should be 

kept as low as possible (ideally 6-8 mL/kg) to prevent overdistention of relatively 
normal alveoli and shear stress, which can result in M volutrauma ,, and progression 
of lung injury. 9,10 Excessively high airway pressures (>30 cm H 2 O) can cause 
worsening of lung permeability and also produce pneumothorax* 11,12 Pneumotho¬ 
rax can rapidly progress to tension pneumothorax in the patient receiving posi¬ 
tive pressure ventilation, resulting in life-threatening desaturation and hypoten¬ 
sion. Immediate thoracostomy tube placement and continuous negative pressure 

pleural evacuation are primary therapies. Permissive hypercapnia refers to accep¬ 
tance of a higher than normal PaCCh (as long as respiratory acidosis is not se¬ 
vere), to minimize tidal volumes and airway pressures. Concurrent administra- 
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tion of bias-flow 0> is another option, flushing out carbon dioxide from the dead 

space, thereby improving oxygenation. 

Additional future options for ventilation of animals that are not responding 

to conventional positive pressure ventilation may include high-frequency jet 

ventilation or liquid ventilation with perfluorocarbons. Advances such as syn¬ 
thetic surfactant therapy, inhaled nitric oxide, and other new drugs, which have 

begun to be useful in human medicine, have not yet been evaluated in dogs with 

naturally occurring disease. 

Because of the variety of inflammatory cascades and cells that mediate in¬ 
flammatory response in ARDS, specific anti-inflammatory drugs such as cortico¬ 
steroids are largely ineffective for treatment, particularly in the early exudative 

and proliferative stages of the disease, and may cause immunosuppression that 

can exacerbate sepsis. 
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Human beings with ARDS have an expected survival rate of 40% to 60%, de¬ 
pending on the underlying cause. 14 It is not unusual to see ventilation duration 
of 4 to 6 weeks. In humans, recovery is associated with gradual improvement of 
gas exchange and lung function over 6 to 12 months. Eventually radiographic 

abnormalities resolve completely, and pulmonary function often returns to nor¬ 
mal, although histopathologic resolution has not been characterized. 

Dogs and cats with full-blown AR1 S are difficult to ventilate, and resources 

to maintain them on a ventilator for several weeks are often unavailable. Ti e 

prognosis for dogs and cats with ARDS remains grave at this time. 
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Pulmonary inflammation resulting from aspiration of exogenous material into 
the respiratory system is known as aspiration pneumonitis. 1 Healthy animals fre¬ 
quently aspirate small amounts of foodstuff and fluid without complications. 

However, numerous conditions including debilitation, altered level of conscious¬ 
ness, neuromuscular disease, immobility, compromised upper airway defense 

mechanisms, and breakdown of immunity predispose some animals to aspiration 
pneumonitis and its negative sequelae (Table 37-1 ). 2,4,5 Following aspiration, air¬ 
way defense mechanisms must be compromised for aspiration pneumonitis to 
progress and produce pathology. 2 Four types or classifications of aspiration pneu¬ 
monitis have been defined: (1) chemical pneumonitis, (2) reflex airway closure, 
(3) mechanical obstruction, and (4) infection. 2 


U 


The development and extent of aspiration pneumonitis def ends on the ire- 
quency, amount, and character or the aspirate and the status of normal host 
defense mechanisms (Table 37-2). The most common material aspirated is gas¬ 
tric contents. Three factors are involved in the pathogenesis < t aspiration pneu¬ 
monitis. First, bronchoconstriction and reflex airway closure occur when gastric 

contents with a pH less than 2.5 are aspirated. Second, damage to the respiratory 

endothelial membranes occurs immediately and dilutes and denatures the surfac- 
tant necessary for norma alveolar structure and opening. 6 ' 7 Within 3 minutes of 

aspiration, alveoli collapse and contribute to atelectasis.® Further, necrosis of the 
epithelial layer and separation of endothelial cells from their basement mem¬ 
brane allows fit ding of the alveoli with hemorrhage and proteinaceous edema 

fluid. 9 The interstitial and alveolar edema decreases lung compliance, increases 
work of breathing, pulmonary vascular resistance, and diffusion distance for oxy¬ 
gen (O 2 ) and carbon dioxide (CO 2 ). This contributes to regions of low ventila¬ 
tion (Y/Q mismatch), intrapulmonary shunting, and venous admixture. 1,9 I he 

resultant hypoxemia causes pulmonary vasoconstriction. In extreme cases, pul¬ 
monary vasospasm also promotes retention of CO 2. 9 Marked increases in pulmo¬ 
nary vascular resistance lead to right heart failure and right-to-lefr shunting. 9 
Finally, the patient’s condition is further complicated, within several hours by 
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Gastrointestinal System 
Esophageal Disorders 
Reflux esophagitis 

Esophageal motility disorder 

Vascular ring anomalies 
Esophageal foreign body 

Esophageal stricture 

Megaesophagus 

idiopathic 

Secondary to chronic vomiting 

Myasthenia gravis 
Cricopharyngeal achalasia 

Gastric Disorders 

Chronic vomiting 

Pyloric outflow obstruction (mechanical or physiologic) 
Gastroesophageal intussusception 
Oropharygneal Disorders 

Cleft palate 
Force feeding 

NasopharygeaI or nasoesophageal feeding 

Swallowing disorder 
Laryngeal paralysis 
Dentistry 

Nervous System 

Altered level of consciousness 

Central injury or disease 
Anesthesia 

General 

Sedation 

Seizures 

Coma 

Immobility 

Myasthenia gravis 

Coonhound paralysis 
Botulism 
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Altered airway defense mechanisms 

Pharyngostomy tube 
Endotracheal tube 

Tracheostomy tube 
Misplaced feeding tubes 


rapid influx of neutrophils and edema fluid into the damaged areas of lung. De- 

pending on the extent of injury, systemic hypotension and hypovolemia occur 
and worsen tissue perfusion, systemic hypoxemia, and lactic acidosis. 

Aspiration of inert substances such as water, barium, and saline often causes 
a transient, self-limiting hypoxemia. However, large volumes of these substances 
can become life-threatening by causing mechanical obstruction of the airways 
and acute asphyxiation. 2 Regardless of pH, aspiration of particulate matter causes 
both mechanical obstruction and damage to the lower respiratory tree. 1011 The 
severity and duration of lung injury following aspiration of particulate matter 

are more severe than aspiration of acidic fluids with a pH less than 2.5 2 (Fig. 

37-1). Within 6 hours, flooding of alveoli with red blood cells, inflammatory 
cells, and edema fluid occurs. Within 48 hours, a granulomatous reaction com¬ 
posed of giant cells and macrophages is observed 9,1 J,)2 The severe inflammatory 
exudates cause further bronchiolitis and airway obstruction. Experimental inocu¬ 
lation of colloidal antacid solutions results in severe parenchymal pneumonitis 
and chronic inflammation. 1 ’Exogenous administration of lipoid compounds such 

as mineral oil also causes profuse chronic granulomatous inflammation within 

the king parenchyma. 

Finally, the most common complicating factor in aspiration pneumonitis 
is the presence of bacteria. In animals, inoculation of aerobic, facultative, and 
anaerobic bacteria from the oropharynx, esophagus, and stomach is common 
The aspiration of gastric acid impairs the lung’s normal abilit to clear bacteria 

resulting in an excellent medium for bacterial colonization. 1 * Infection occurs 

immediately or appears days after the inciting event. In humans, anaerobic bac¬ 
teria appear to have an important role in the pathogenesis of bacterial aspiration 
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Reflex airway closure during swallowing 
Cough reflex 

Mucociliary transport apparatus 

Normal pulmonary inflammatory cell function 
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Figure 37-1 

Pathophysiology of aspiration pneumonitis. Pathologic changes that occur following 
the aspiration event depend on the type and amount of substance aspirated. The 

presence or absence of particulate matter and whether the pH less than or greater 
than 2.5 are among the most important factors that determine if the aspiration 

pneumonitis will be self-limiting or become severe. 


pneumonitis. Treatment tigainst anaerohic bacteria alone, even in the presence 
of mixed infection, results in complete disease resolution. 


is 


The exact incidence of aspiration pneumonitis in veterinary patients is un¬ 
known. Conditions that predispose patients to aspiration pneumonitis are listed 


in 


u 


phagus and lar njjeal paralysis. Approximately 53% of human patients with dys¬ 
phagia develop aspiration pneumonitis. 19 Although many acquired conditions 

predispose veterinary patients to aspiration, diagnostic and therapeutic proce- 
d ares and treatments can also result in iatrogenic aspiration. These conditions 
include tube feeding, 20 general anesthesia with endotracheal intubation, 21 and 

tracheostomy. 22 Fifty-six 

tion pneumonitis. 22 The incidence of aspiration decreases with the use of high- 
volume low-pressure endotracheal cuffs and prescribing a period of fasting prior 

to general anesthesia. 
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Aspiration pneumonitis should be considered in any patient with a known pre¬ 
disposing condition (see Table 37-1). Aspiration under general anesthesia may 
go unnoticed. Clinical signs develop on anesthetic recovery or shortly thereafter. 

Clinical signs include respiratory difficulty (dyspnea), cough, and wheezing. Cya¬ 
nosis occurs when pulmonary damage is extensive. Patients often appear de¬ 
pressed, weak, and are inappetant. Many times, aspiration of gastric contents 

with a pH less than 2.5 has an acute onset of clinical signs, whereas aspiration 
of more inert substances results in the development of signs 6 to 8 hours after 
the aspiration event. 2 In comatose or recumbent animals, a change in respiratory 
rate and effort can signify potential aspiration. Thoracic auscultation often re¬ 
veals harsh airway sounds with crackles in the affected areas. Inflammation and 
the presence of bacterial infection can produce fever. In more severe cases, sys¬ 
temic hypotension occurs as edema fluid floods damaged alveoli, resulting in 
tachycardia and poor pulse quality. In some cases, a frothy, nonpurulcnt sputum 
may be present. 15 A thorough examination of the oropharynx should be per¬ 
formed to investigate whether vomitus, foreign material, cleft palate, or an ab¬ 
normal gag reflex is present. 23 Ballooning of the esophagus at the thoracic inlet, 

during exhalation, is often noted with megaesoph a : ms. 
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Diagnosis of aspiration pneumonitis is often based on a clinical history of 
vomiting or regurgitation followed by respiratory difficulty. Although physical 

examination findings are often supportive of aspiration pneumonitis, the diagno¬ 
sis is based on radiographic signs of lung consolidation and arterial blood gas 

data. With suspected or confirmed aspiration pneumonitis, every patient should 

have a minimum database consisting of a complete blood count, serum biochem¬ 
istry panel, arterial blood gas analysis, and urinalysis performed. Serum lactate 
levels, which increase with conditions causing hypoxemia and p >r tissue perfti- 

are elevated. 24 Other ancillary tests used to document and characterize aspi¬ 
ration pneumonitis include bronchoalveolar or transtracheal lavage with cytol¬ 
ogy and l>acterial culture with susceptibility. Tests to rule out the presence of 

an underlying cause of aspiration pneumonitis should be performed as based on 

each patient $ physical status, history, and clinical signs (i.e., serum thyroid hor 
mone levels to rule out hypothyroidism, adrenocorticotropinc hormone stimula 

tion testing to rule out hypoadrenocorticism, serum acetylcholine receptor anti 
body titers ti > rule out myasthenia gravis, and laryngeal examination under heaw 
sedation to rule out laryngeal paralysis). 
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The most characteristic feature of aspiration pneumonitis is the hypoxemia 

seen with an arterial blood gas sample. The causes of hypoxemia include diffusion 

impairment, ventilation-perfusion mismatch (V/Q mismatch), inrrapulmonary 
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shunting, and venous admixture. Hypoxemia and decreased tissue perfusion 
cause anaerobic metabolism and lactic acidosis. CO* is more readily diffusible 

than 0 2 . Therefore, hypercarbia (C0 2 retention) usually does not occur unless 

end-stage pulmonary parenchymal disease is present. 
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Severe interstitial to alveolar lung patterns are seen on radiography with 
aspiration pneumonitis. Radiographic signs of aspiration pneumonia may not be 
apparent in the first several hours after the aspiration event and may progress 

and worsen in the first 24 to 36 hours* (Figs. 37*2 and 37-3). Alveolar consolida- 

tion in dependent lung areas (right middle; left and right cranial lung lobes) 
is most commonly observed. However, any pulmonary region can be affected, 
depending on the position of the patient at the time of aspiration. Aspiration 
under general anesthesia often occurs with the patient in lateral or dorsal recuin- 

bancy. Cough can further scatter the aspirated debris throughout the lung field. 

Secondary development of acute respiratory distress syndrome results in more 


Figure 37-2 

Lateral thoracic radiograph from a dog with severe megaesophagus and aspiration 
penumonitis. Note the air bronchograms in the crainioventral lung field, increased in 
terstitial densities in the caudodorsal lung field, and widened air-filled esophagus 
throughout its length in the thorax. This patient also had a history of bilateral laryn¬ 
geal paralysis Laryngeal paralysis and megaesophagus are two conditions that predls 
pose patients to the development of aspiration pneumonitis. 
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Figure 37-3 

Ventrodorsal radiograph of the patient described in Figure 37-2. Note the widened 
air-filled esophagus and increased interstitial to alveolar densities in the right cranial 
right middle, and right caudal lung fields. 
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diffuse and severe areas of alveolar col lapse, atelectasis, and consolidation. Aspi 
ration of material, such as mineral oil, may produce small nodular densities 
ondary to granuloma formation, rather than alveolar consolidation. The radio 

graphic differential diagnoses in this case would include neoplasia or a fungal 

pneumonia. 

Radiographic contrastudies may be performed to document the presence 

of megaesophagus, vascular ring anomalies, or esophageal motility disorders. 

However, the risk of aspirating contrast material often precludes the benefits of 

this type of study. Radiographs must also he carefully evaluated for the presence 

of cranial mediastinal masses consistent with lymphoma or thymoma. These con 

Jitions are often associated with acquired myasthenia gravis, megaesophagus, and 

esophageal motility disorders. 26 * 2 " It is important to appreciate that i he severity of 
radiographic signs at the time of diagnosis has no prognostic value in predicting 
morbidity and mortality. 


29 


Bronchoscopy may be performed as a therapeutic tool to remove particulate 
material from large airways. Bronchoalveolar lavage can also he performed for 
cytology and bacterial culture/susceptibilicy. However, due to the risk of general 

anesthesia, bronchoscopy is often not performed due to the patient’s fragile con 
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dition. Aerobic and anaerobic bacterial cultures should be performed on all sam 
pies obtained via hronchoalveolar lavage or transtracheal wash. 








Prevention of aspiration pneumonitis involves a period of fasting prior to 
general anesthesia. In humans there is an increased incidence of aspiration pneu¬ 
monitis following anesthesia for emergency treatment compared with anesthesia 

for scheduled elective procedures following a period of fasting. 21 If anesthesia 
must be performed in an emergency situation (i.e., cesarean section, hemoabdo- 
men secondary to neoplasia K specific therapies to increase pH of gastric contents 
with Hj-blockers (cimetidine 5 mg/kg IV or 1M or ranitidine 2.0 mg/kg IV or 
IM) and motility modifiers to promote gastric emptying (metoclopramide 0.2- 
0.4 mg/kg, maximum dose 10 mg/dog) are administered. 15 In patients with predis- 

ing conditions, routine use of H 2 -blockers is not indicated and may promote 
bacterial aspiration by disrupting normal gastrointestinal flora.* Metoclopramide 

may also be useful in preventing aspiration of gastric contents by tightening the 

lower esophageal sphincter. The use of emetic agents such as apomorphine or 

empirical gastric lavage prior to anesthesia does not reduce the incidence of 

anesthetic-related aspiration events and may cause undue stress to die already 

compromised patient. The administration of colloidal antacid compounds is con¬ 
traindicated, because they can form large granulomas within the lungs if aspi¬ 
rated. 14 * 50 There is no documented benefit in discontinuing oral fluids prior to 

anesthesia.' 1 




Successful treatment of aspiration pneumonitis depends on the cause and 
severity of pathology*. The most important features of treatment include main¬ 
taining airway patency, oxygen therapy to combat hypoxemia, fluid therapy to 
combat hypovolemia and subsequent shock, antibiotics, and ancillary treat¬ 
ments. 1,2 Treatment ot any underlying illness is necessary to eliminate the poten¬ 
tial for repeated aspiration events. 
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The patient’s airway must be carefully evaluated tor mechanical obstruction 
and debris immediately on presentation or discovery of aspiration/regurgitation. 

Immediate suctioning of the oropharyngeal area and airway should occur. If the 
patient cannot protect its airway due to anesthesia or loss of consciousness 
endotracheal tube should be placed to allow adequate oxygen delivery. If an 
endotracheal tube cannot be placed, a temporary tracheostomy is considered. 
The cuff on the endotracheal or tracheostomy tube should be inflated to prevent 

further aspiration of gastric contents. If the aspiration occurs under anesthesia, 

the patients esophagus should be carefully lavaged with 1 to 2 brers of warm 

saline (0.9% NaCl) to prevent esophagitis and possible stricture. Bronchial la- 
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vage following aspiration is usually unnecessary. The pulmonary defense media- 

nisms often neutralize acid within several minutes of the aspiration event, malt' 

ing exogenous buffering unnecessary. Instilling large volumes of fluid into the 
compromised airu ai can spreav i debris further into smaller airways and amtribute 

to pulmonarv edema fluid. 
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O? therapy should be initiated Immediately on establishing a clear airway. 
The hypoxemia associated with aspiration pneumonitis is of en responsive to O 
administration in the early stages of disease. When patients 

supplemental humidified 0 2 in the form of nasal OV : h< >J 0 !t or 0 2 cage is 
administered. Mechanical ventilation with positive end-expiratory pressure or 
continuous positive airway pressure helps expand collapsed alveoli. 3 * 13 Indications 

for mechanical ventilation include refractory hypoxemia, persistent hyiiercarbia 

(PaCO; >60 mm H^), and persistent respiratory distress or fatigue. 13 In an exper 
imental dog model of aspiration pneumonitis, rapid initiation of mechanical ven' 
tilation following aspiration improved survival. 3,12 Arterial blood gases and calcu' 
lation of alveolar'arterial 0 2 tension gradients are useful in monitoring a i>atienr's 
response to therapy 


awake and alert 
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Intravenous fluid therapy is extremely important in patients with aspiration 
pneumonitis. Tracheobronchial secretions are normally 95% water. Many pa¬ 
tients develop hypovolemic shock secondary to alveolar flooding with edema 

fluid. Diuretics, therefore, are contraindicated because they will further decrease 
cardiac preload, decreases cardiac output, and will worsen dehydration. Dehydra- 

tion will interfere with normal mucociliary clearance mechanisms, causing reten- 
rion of sputum and debris within the airways. Fluid therapy requires judicious 

use of crystalloids and careful patient monitoring to meet each patient's fluid 
requirements without causing volume overload and its negative consequences. 

In humans, pulmonary arteriolar occlusion pressure (pulmonary capillary wedge 

pressure) via Swan-Gam monitoring is the gold standard to monitor fluid resusci¬ 
tation and prevent overhydration. Because this technique is invasive, and not 

commonly used in veterinary medicine, other parameters such as central venous 

pressure via jugular catheterization are used to avoid overhydration in patients 
with pulmonary parenchymal damage. Crystalloid fluids should be administered 

as partial diix'k bolus increments to alleviate hypovolemic shock. There is no 
documented benefit in using colloids over crystalloids in patients with aspiration 
pneumonitis 
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The prophylactic use of antibiotics in patients with documented aspiration 

pneumonitis is controversial. Empirical antibiotic coverage following an aspira' 

tion event favors the development of resistant bacteria. However, several studies 
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have documented that bacterial aspiration from the oropharynx is more common 
in animals than in human patients. 15 Damage CO 
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pneumonitis. Aminoglycosides are also effective in treating aspiration pneumo 
mtis, but should be used only when culture and susceptibility prove them neces 

sary 

hypovolemic, the use of aminoglycoside antibiotics in these patients is poten 

tially dangerous due to 
be continued for 10 to 

radiographic signs of aspiration pneumonitis. 55 Often, this requires a minimum 
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the risk of nephrotoxicity. Antibiotic therapy should 
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Other therapies that are beneficial in treating aspiration pneumonitis in 
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ing coughing and expelling spu 


debris. Thoracic physiotherapy assist s i 
turn from the airways. Patient mobilization helps promote alveolar expansion 

and prevent atelectasis. If mobilization and mild exercise cannot be tolerated 

frequent turning every 2 to 4 hours, or keeping a patient in sternal recumbancy 
helps prevent atelectasis and further aspiration events. 
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The use of bronchodi la tors and corticosteroids in patients with aspiration 
pneumonitis is controversial. Bronchodilators enhance contractility of diaphrag 


matic muscle contraction, which promotes bronchodilation, as well as decrease 


also enhance infection and contribute to V/Q mismatch. IS Immediately follow 
ing aspiration of acid material, reflex bronchoconstriction causes severe respira 

the use of bronchodilators such as aminophylline (6 


tory distress. In such cases, 


10 mg/kg IV tid-qid) or 
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be used for emergency bronchodilation. 15 Bronchodilators are only useful in the 
first 24 to 48 hours after the aspiration event. 17 Prolonged use beyond this time 

period likely has no 

There have been no documented benefits to corticosteroid use in patients 

with aspiration pneumonitis. 5 * 39 Although steroids may decrease inflammation 

and potentially stabilize cell membranes, they also interfere with normal cellular 
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defense mechanisms and promote bacterial colonization. Therefore, the use of 
corticosteroids is unwarranted. 
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The prognosis in patients with aspiration pneumonitis largely depends on 
rhe type and amount of substance aspirated, the degree of pulmonary infiltration 
and damage, whether any underlying illness is present, and the patient s response 

to therapy. Prognosis is always guarded with underlying conditions such as persis¬ 
tent megaesophagus following vascular ring anomaly, neuromuscular dysfunc¬ 
tion, or laryngeal paralysis. Negative sequelae of aspiration pneumonitis include 
pulmonary abscess, persistent lung consolidation, lung lobe torsion, and persis¬ 
tent foreign material. 
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Laryngeal and tracheal diseases are commonly reported in small animals. Impair- 

ment of structure or function of the upper airway may result in audible airflow 
changes during respiration at rest or during exercise, altered voice (kirk or purr), 
and frequent coughing. 
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Trie larynx is the point of maximum air flow resistance within the respira- 

tory tract; relatively small changes in diameter may therefore be associated with 

significant clinical signs. Brachycephalic breeds, such as Pekingese, Pugs, and 

English bulldogs, have anatomic distortion of their upper airways resulting in 

obstruction and increased airway resistance. Animals that fall into the brach- 
ycephalic category may have one or more of the following anatomic features: 

stenotic nares, elongated soft palate, laryngeal edema, laryngeal collapse, 

edematous/everted laryngeal saccules and, in some instances, hypoplastic rra- 

chea. Factors such as fever, anxiety, respiratory infection, obesity, exercise, and 
increased ambient temperature or humidity can precipitate an acute respiratory 
crisis. Heat should be considered extremely dangerous because polypnea neces- 

sary for thermolysis produces turbulent airflow that may cause edema of the up' 
per airways and further respiratory compromise. These events lead to increased 

body temperature and anxiety that results in a vicious cycle of increasing body 
temperature and respiratory distress. 1 Although cats such as Persians and Hima- 

layans may have similar anatomic problems, clinical symptoms are rarely en¬ 
countered. 
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Most commonly, laryngeal paralysis presents as a slowly progressive disease 
in middle-aged to older (>7 years), large and giant breed dogs (e.g., Labrador 

retrievers. Saint Bernard's, Golden retrievers, and Siberian huskies). 5-6 The ma¬ 
jority of acquired cases are considered idiopathic in origin. Laryngeal paralysis 
diagnosed in young patients, without other explainable etiologies, may be con- 
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genital in origin. Congenital laryngeal paralysis appears to be inheritable and 
has been proven in the Bouvier des Flandres as an autosomal dominant trait, 
and suspected to be inheritable in Siberian huskies, Dalmatians, Rottweilers, 

and Bull terriers 


The average age of congenital laryngeal paralysis patients 
at the time of diagnosis has been reported to be 14 months, 5 although many are 
encountered as young at 6 weeks. 

Underlying causes affecting the recurrent laryngeal nerves such as trauma, 

lymphosarcoma, or a generalized neuromuscular disease (such as polyneuropathy 
or myasthenia gravis) may be identified. Although hypothyroidism has been sug- 

gested as a potential underlying cause of acquired laryngeal paralysis,' at least 

one published study has refuted this theory. 9 

Laryngeal paralysis is an uncommon cause of airway obstruction in the cat. 
A report of 16 cases in cats found no breed or sex predilection. 10 Twelve of the 
16 cats had bilateral paralysis, and 4 had unilateral paralysis (interestingly, all 
were left-sided). Clinical signs similar to those described in the dog were present 

in cats with both unilateral and bilateral disease* 1 


10 


Laryngeal paralysis is characterized by airflow limitation, primarily during 
inspiration, resulting in varying degrees of respiratory distress. ; he inability to 
abduct the anatomic borders of the rimma glottidis (the vocal folds and arytenoid 

cartilages) is due to the loss of innervation of the intrinsic dilators of the larynx. 5 5 

The abductors of the vocal folds and arytenoid cartilages are the paired dorsal 

cricoarytenoid muscles, 5,4 which are innervated by the recurrent laryngeal 

nerves. 5 Increased resistance to gas flow occurs when the borders of the rimma 
glottidis, the anatomic opening to the larynx, are drawn into a median position 

by the subatmospheric, intraluminal glottic pressure created during inspiration. 
The decreased diameter of the rimma glottidis is the cause of clinical signs associ¬ 
ated with laryngeal paralysis. 

Bilateral laryngeal paralysis is usually noted with clinical signs. 4,6 Clinical 
signs commonly reported are respiratory distress (increased effort or rate), inspira¬ 
tory stridor, a change in the animal's purr or bark, stress or exercise intolerance, 
gagging or coughing associated with ingestion of food or water, heat intolerance, 

cyanosis, and syncope. 5 5 The severity of clinical signs usually correlate with the 
degree of abductor dysfunction (unilateral versus bilateral paralysis) and level of 
exertion, 6 


3,4 


iGTU 


*1 


Hemorrhage and edema secondary to laryngeal trauma may impede normal 
airflow and! result in a life threatening event. 6 Cervical trauma t om bite wounds 
and the use of choke chains may cause injury to the larynx and trachea. 4 latro- 
genic trauma may be secondary to direct manipulation of five laryngeal tissues, 
injury of the recurrent laryngeal nerves (e.g ., during surgery on the neck), or 
traumatic intubation techniques. 6 Although foreign bodies rarely lodge in the 
larynx, they can irritate and injure the sensitive lining of the airway. 4 The au¬ 
thors have diagnosed laryngeal obstruction secondary to a pharyngeal hematoma 
in dogs with acqui e»a coagulopathies. 
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Granulomatous and inflammatory laryngitis has been reported in both the 
dog and cat. 11 Granulomatous laryngitis is a chronic proliferative inflammatory 
disease that can be confused with neoplasia. It is usually localized ro the larynx 
especially to the arytenoid processes. Biopsy is necessary to differentiate granule 

matous disease from neoplasia/ There has been no evidence of bacterial or fungal 
infection associated with granulomatous laryngitis. 11 Less severe inflammatory 
causes of laryngitis in dogs ant: cats, on the other hand, have been attributed 

to infectious causes such as Bordotella bronchisepdca , canine distemper, Calici vi¬ 
and viral rhinotracheitis. 4,11 Other causes of laryngeal inflammation and 

edema include snake or insect bites and caustic chemicals 








6,11 
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Laryngeal neoplasia is rare in the dog. The most common primary tumor 

i the larynx in the Jog is squamous celt carcinoma. Ot ter reported neoplastic 

diseases of the canine larynx include melanoma, osteosarcoma, mast cell tumor 

oncocytoma, leiomyoma, rhabdosarcoma, and mixed cell tumor. 4,6 Lymphosar 

coma and squamous cell carcinoma are the most commonly reported laryngea 
neoplasms in the cat. 11 Lymphosarcoma may present as a solitary mass or as 
diffuse laryngeal mucosal thickening. 11 Adenocarcinoma, epidermoid carcinoma 

and undifferentiated carcinoma have also been described in the cat. 11 Clinical 

signs associated with laryngeal neoplasia are similar to the laryngeal diseases 

discussed above. 
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Laryngeal webbing occurs when the mucosa of the larynx is disrupted and 

scar tissue is allowed to form/ Web formation in the airways secondary to surgery 
or trauma is an uncommon hue recognized problem in h th dogs and cats. 4 During 

the routine debarking procedure, care must be taken to preserve the ventral one 

hith of each vocal fold to prevent web formation by scar tissue postoperatively 

Unilateral arytenoidectomy, use o' a surgical laser, reapposition of mucosal hor 

ders, and the laryngeal tie back procedure are techniques that may help to prevent 

web formation. 3 Clinical signs associated with web formation, usually appearing 

2 to 6 weeks after the inciting cause, are similar to other laryngeal disorders 
discussed above. 4 
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Tracheal collapse is a dynamic event that results irom a combination of 
weakened cartilagenous support and small airway disease. Tracheal collapse is a 
common cause of airway obstruction in middle-aged toy and miniature breed 

dogs. 13 ' 15 Yorkshire terriers, Chihuahuas, Pomeranians, toy Poodles, and Maltese 

are commonly affected. 1315 Although several etiologies for tracheal collapse have 
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been suggested, the disease is probably multifactorial in origin. 14,15 Tracheal earth 

lage in affected animals is hypocellular and contains less chondroitin sulfate, 
resulting in weakened cartilages and the tendency to collapse. 15,16 Small airway 

inflammation leads to increased expiratory pressures (clinically seen as an active 

orninal press) that narrow and collapse intrathoracic airways. Loss of intrinsic 
tracheal support most commonly results in dorsoventral flattening of the cartilag- 
inous tracheal rings, stretching of the dorsal tracheal membrane, and dynamic 
collapse as pressures outside the trachea exceed the ability of the cartilaginous 
tracheobronchial support to maintain airway patency. 

Tracheal n arrowing due to other causes (e.g., congenital malformations, 
extratrachcal masses) should he differentiated from dynamic tracheal collapse. 

Airway collapse may involve airways of any size from the trachea or mainstem/ 

lobar bronchi to more distal airways. The breakdown of the tracheal infrastruc- 
ture results in partial or complete airway obstruction that in severe cases is heard 

clinically as the characteristic “goose honk” cough. 1 ' More frequently an “end- 

expiratory snap" can he heard at peak expiration (during a cough) as the walls 

of the trachea or mainstem bronchi snap together. Other clinical signs include 

exercise intolerance, respiratory distress, syncope, and cyanosis. 1,1 s In contrast 

to intrathoracic tracheal collapse, cervical tracheal collapse occurs during ins pi' 

ration and may be associated with upper airway obstruction. 

Once airway collapse occurs, coughing itself may act as a perpetuating factor 

by initiating tracheal inflammation. 15 If the cycle of coughing, inflammation, 
and excess mucous production continues, pathologic changes characteristic for 
chronic bronchitis occur (loss of epithelium, subepithelial glandular hypertro- 
; I ty, squamous metaplasia) that further exacerbate the condition. 
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Reports of tracheal neoplasia in dogs and cats are rare. A comprehensive 
review of reported tracheal neoplasia described 23 cases that were all presented 

with a complaint of airway obstruction. 17 The majority of tumors were evident 

radiographically as a distinct intratracheal mass, most of which appear mineral' 
ized. The most common type of canine tracheal tumor appears to he the osteo¬ 
chondroma, which routinely arises in dogs less than 1 year of age and may he 

amenable lo tracheal resection. 1. Other reported canine tracheal tumors include 

mast cell tumor, osteosarcoma, plasmacytoma, adenocarcinoma, chondroma, 
chondrosarcoma, leiomyoma, and carcinoma. 17,18 Reported feline tracheal tumors 
include lymphosarcoma, adenocarcinoma, squamous cell carcinoma, and seromuc- 
inous carcinoma. 7 f he seromucinous carcinoma was the only tumor described in 

the cat to appear as an annular mass. 1 ' The prognosis for tracheal tumors should 
be assumed to be p<x)r and most likely dependent on the tumor type, 1716 hut we 
are unaware of any reports that describe the long-term outcome of these cases. 


Rite wounds of the neck are reported to he one of the most common sites 
of injury. 19 The shallow position of the larynx and trachea make them susceptible 
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to injuries due to tears, crushing, or avulsion. 20 External trauma resulting in dis¬ 
ruption of tracheal integrity may result in subcutaneous emphysema, pneu¬ 
momediastinum, and pneumopericardium. 20 It is important to note that bite 

wounds may result in relatively minor injury to the epidermis; deeper structures, 
such as the trachea, are more severely damaged. For this reason a high index of 

suspicion for tracheal injury should be maintained when animals with injuries 
to the neck present, or in those with wounds to the cervical region, subcutaneous 

emphysema, and respiratory distress. 

Internal trauma to the trachea, although infrequent, has Wen reported. The 

tracheal lining may be damaged by foreign bodies, parasites, smoke (heat and 

chemical), iatrogenic injuries, most of which occur during intubation. Two re¬ 
cent reports found that iatrogenic tracheal rupture was most commonly associ¬ 
ated with dental procedures in cats. 21,22 Overinflation of the endotracheal tube 

cuff, to ensure that fluid and debris are not aspirated, was suggested as the cause 
of tracheal rupture in these reports. 2U2 Hardie and colleagues found, in a cadaver 
study, that as little as 6 mL of air in the endotracheal tube cuff was needed to 
cause tracheal rupture. 21 In clinically normal cats, the mean volume of air needed 
ro obtain an airtight seal was only 1.6 ± 0.7 mL/ : Iatrogenic tracheal injuries 

have also been reported during procedures such as jugular venipuncture and 
transtracheal washes/ 1 

Subcutaneous emphysema is the most common clinical sign specific to tra¬ 
cheal rupture. Other common clinical signs included respiratory distress, 
coughing, gagging, stridor, anorexia, lethargy, and depression/ 1 - 4 ^ Conservative 
medical treatment consisting of supplemental oxygen, need e aspiration of subcu¬ 
taneous air, cage rest, and light sedation is indicated in most cases. 22 Surgical 
intervention should be reserved for cats with signs of severe respiratory distress 
(open mouth breathing, cyanosis), worsening subcutaneous emphysema, or the 
development of a clinically significant pneumothorax. 
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Inflammation of the tracheal epithelium, tracheitis, can be caused by either 
infectious or nonit feet ious etiologies/ 5 Non infectious tracheitis is caused h irri¬ 
tation from excessive barking, collapsing trachea, chronic cardiac disease, or den¬ 
tal disease. Most animals with tracheitis present with a cough as the only clinical 
sign. These patients are sensitive to palpation of the trachea; palpation initiates 
a harsh and often paroxysmal cough that characteristically terminates with gag¬ 
ging and production of a clear liquid topped with white foam. 21 

The clinical signs of infectious tracheitis (kennel cough) are similar. Nearly 
all cases have a recent history of exposure to other animals as might occur in a 
training class, groomers, kennel, hospital, or dog show. 25 B. fcroiKfiiseptica, the 
most commonly implicated agent in cases of infectious tracheitis in dogs, has a 
predilection for ciliated airways and is frequently cultured from dogs with trache¬ 
itis. 24 Some authors have suggested viral infections and or impaired airway de¬ 
fenses permit B. bronc/useptiai to colonize in the lower airways. 25 Other agents 
implicated as causes of infectious tracheitis include mycoplasmas, canine parain- 
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fluenza virus, canine adenovirus, canine herpes virus, and canine distemper 

These infections are contagious and may he spread either by aerosol or direct 

con tact. 2,24 Clinical signs usually develop 3 to 5 days after initial exposure. 

Tracheitis is unusual in cats and most commonly is associated with viral agents 
or allergic airway disease. 2 * Feline bronchopulmonary disease may also initiate 
tracheal inflammation. 

Two clinical presentations may be seen with infectious canine tracheobron¬ 
chitis. The mild form is typically found in older, vaccinated animals and is usually 

t i self-limiting disease with few symptoms other than a nonproductive cough. 
The more severe form is encountered in younger dogs, often in those with little 

or no vaccination history. These animals are typically more systemically ill with 
fever, a productive cough, depression, and anorexia being noted frequently; 

pneumonic infiltrates are often present. Although systemic antibiotics have not 

been shown to reach significant concentrations in tracheobronchial secretions 
or to shorten the course of infection, prophylactic therapy has, nonetheless, been 
recommended. 23 The mild and self-limiting disease associated with B. bronc/usep- 

tica may preclude t ie need for systemic antimicrobials.These infections are 
typically nonresponsive to systemic antibiotic administration but may benefit 
from the local delivery of antibiotics into the airways. 25 In the authors’ practice, 
transtracheal injection of an aminoglycoside (2 mg/kg Gentocin, Schering), 

once or twice daily for 3 consecutive days, has been successful in resolving infec¬ 
tions and symptoms that do not respond to systemic antibiotics. Systemic absorp¬ 
tion of gentamicin appears to be negligible in dogs after aerosolization. 25 Systemic 

antibiotics are indicated in more severe form of the disease; their use should be 
based on culture and sensitivity tests. 24 In the absence of culture and sensitivity 
results recommended antibiotics include cephalosporins, chloramphenicol, or a 
fluoroquinolone 

Intranasal BordeteUa vaccines elicit high levels of secretory antibodies as 

soon as 4 days after inoculation; their use is recommended he cause they may 

reduce both clinical disease and the duration of organism shedding. 
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Tracheal foreign bodies are infrequently rejxjrted in dogs. Hunting dogs, 

due to their use and activity, are reported to be most commonly affected. In a 

report of 153 dogs, all extracted tracheobrochial foreign bodies were identified 
as plant material (i.e., grass awns). 26 Coughing, which begins almost immediately 
after aspiration, is the most commonly reported clinical sign. If foreign bodies 
are not extracted in a timely manner, severe tracheobronchitis may ensue fol¬ 
lowed by more severe lung damage including bronchiectasis, pneumonia, and 

finally migration through the bronchi/lung parenchyma and visceral pleura. The 
inevitable consequence of foreign body migration includes abscess formation, 
pyothorax, or draining fistulas. Diagnosis is based on history, physical examtna- 

non, radiographic findings, and fiberoptic endoscopy. Endoscopy may I e used 

to remove these foreign bodies if diagnosed early; surgical intervention will be 

necessary in more chronic cases. 
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Hypoplasia of the trachea is a congenital anomaly common 1 v affecting bull 
dogs and other brachycephalic breeds. 21 * 27,28 The condition is caused by inade 

quate growth of tracheal rings and often results in the oveii ip of tracheal 

Clinical signs arc consistent with those described with laryngeal and 

»r secretion clearance from the narrowed trachea 
many cases are incorrectly diagnosed as having episodes of recurring pneumonia. 

In contrast with tracheal collapse, tracheal hypoplasia is a static disease and 
tracheal diameter will not be dramatically altered by the phase of respiration 

when viewed radiographically 

grapldcally diagnose hypoplastic trachea. The diagnosis of hypoplastic trachea is 

suggested when the lumen diameter is less than three times the width of the third 

rib where they cross. 24 Another proposed method for diagnosing this 
disorder involves the comparison of the tracheal diameter (TO) to the thoracic 
inlet O1 ) diameter. 28 The TI diameter is determined by measuring from the ven 

tral aspect of Tl to the manubrium at its point of minimum diameter; TI > is 

defined as the perpendicular distance at the point where the TI line crosses the 

midpoint of the tracheal lumen 28 (Fig. 38'I) 
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Figure 38-1 

Diagram of one method used to determine whether tracheal hypoplasia is present in 
the dog. (Adapted from IHarvey CE: Tracheal diameter: analysis of radiographic mea¬ 
surements in brachycephalic and nonbrachycephalic dogs. J Am Anim Hosp Assoc 18: 
570, 1982.) 
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ratio of the TD to the TI diameter are 0.127 in bulldogs, 0.160 in non-bulldog 
brachycephalic dogs, and 0.204 in nonbrachycej halic dogs. 28 The TD/TI ratio 

is the preferred method of assessing tracheal diameter, because both measure¬ 
ments are obtained from structures in the same radiographic planes. 2 ® The progno¬ 
sis for dogs depends on the degree of hypoplasia as well as the presence or absence 
of concurrent congenital defects. 23 Young dogs with this diagnosis may outgrow 

this condition. 23 Weight loss and treatment of concurrent airway problems as well 
as any inflammation/infection will improve outcome in many of these cases. 






[ \ysical examination and history are essential components in the diagnosis of 
upper airway disease. The owner should be questioned about the animals typical 

environment and recent travel history, exposure to other animals, current medi¬ 
cations, and voice changes. In addition to a routine physical examination the 
following are suggested: careful observation of respiration efforts at rest prior to 

examination, careful orophary ngeal examination, airflow evaluation from both 

narcs, and auscultation of the thorax, trachea, and larynx while clinical signs 
are being exhibited and during laryngeal and tracheal manipulation. 

Performing complete blood count, chemistry panel, and endocrine studies 

may identify concurrent and underlying conditions. Although clinical pathology 

is rarely diagnostic of upper airway diseases, it is important to screen for concur¬ 
rent or underlying diseases. Radiographic examination of lung parenchyma and 
airways should be part of the evaluation of laryngeal and tracheal diseases. Re 

sure to stabilize the patient prior to obtaining radiographs so further respiratory 
compromise does not occur. Three view's (right and left lateral, and ventrodorsal) 
are necessary' to evaluate all lung fields properly. Oxygen supplementation and 
dorsovenrral or standing lateral projections may be necessary to avoid additional 

stress in these patients. 1 When fluoroscopy is not available and a dynamic disease 
is suspected, lateral chest radiographs should be obtained on both peak inspira¬ 
tion and peak expiration. 

Endoscopy is the gold standard for the evaluation of the respiratory' tract. 

Direct visualization using fi heroptic endoscopes is considered essential for evalua¬ 
tion of pharyngeal and laryngeal anatomy and function. It not only allows for 
the visualization of anatomic and functional changes, but it also permits the 
clinician to obtain selected biopsy and culture samples. Readers are directed 
to recent reviews of small arum.il bronchoscopy for additional details on the 


procedure. 3031 

Airway cytology is a useful aid in the diagnosis of these airway diseases, 

specifically those of infectious, allergic, inflammatory, or neoplastic etiologies. 

Cytologic samples may he obtained by transtracheal w f ash or bronchoalveolar 

lavage. Refer to the Chapter 42 for a more in-depth discussion regarding airway 
cytology. 


Other diagnostic tools such as electromyograms, tidal breathing flow volume 
hxips, and planimetric measurement of the tracheal cross-sectional area have 
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proven useful in diagnosing abnormalities of the upper airways* 2,5,32 The equip 
rnent and expertise required for these techniques is not readily available, how 

ever, precluding their everyday use. 
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The overall treatment goals should be aimed at relieving airway narrowing, 
reducing airway inflammation, and improving oxygen delivery to the lungs. Pa* 

tients in severe respiratory distress should be stabilized before additional diagnos¬ 
tic studies are performed. Oxygen therapy is the mainstay of initial therapy. Un¬ 
fortunately, some animals may not tolerate mask or hood delivery of oxygen. 

These methods may cause increased anxiety, an increase in oxygen demand and 
may precipitate decompensation. Flow-by oxygen, provided with an open oxygen 
line aimed directly at the nares may provide short-term support to prevent de¬ 
compensation during subsequent diagnostic evaluation. 

When flow-by oxygen does not provide adequate support and other methc Is 
of oxygen delivery are not tolerated, sedation may be required. Careful sedation 

will not only help decrease oxygen demand but also prevent further trauma to 

laryngeal structures (e.g., mucosal edema) by decreasing the velocity and turbu¬ 
lence of airflow. In the authors’ practice, acepromazine (PronAce, Ft. Dodge) 
in combination with opioids such as morphine (Elkins-Sinn), fentanyl (Baxter) 

and butorphanol (Torbugesic, Ft. Dodge) have been safe and effective in most 
cases. Rapid intubation and ventilatory support may be required in some patients 

and should be available at all times. Initial administration of sedatives should 
use the lowest recommended doses, followed by incremental increases until the 
desired effect (e.g., relief of anxiety) is achieved. These patients must have con¬ 
tinuous monitoring available. 

If edema and swelling of laryngeal mucosa is suspected (or the results of 

sedation are inadequate) corticosteroids should be administered. Short-acting 
steroids such as dexamethasone sodium phosphate (Azium SP, Schering), at anti¬ 
inflammatory dosages, are recommended (Table 38-1). Long-term use of steroids 

is reserved for cases of chronic bronchitis or allergic airway disease. 

Impaired laryngeal reflexes, recurrent aspiration, and compromise of local im¬ 
mune defense mechanisms facilitate bacterial colonization and infection of the 

lower airways. Antibiotic selection should be based on airway cytology and culture/ 

sensitivity results, but this is not always possible in acute diseases. Most lower 
airway infections are due to gram-negative bacteria. The P-lactam antibiotics (pen¬ 
icillins) and first-generation cephalosporins are excellent first-choice drugs for the 
treatment of lower airway bacterial infections in small animals. 25 Serious, life- 
threatening gram-negative infections may be addressed with third-generation 
cephalosporins (Cefotan, Zeneca Pharmaceuticals), fluorinated quinolones (Bay- 

tril. Miles), extended-spectrum penicillins (Clavamox, Beecham), and aminogly¬ 
cosides 25 (see Table 38-1). Aerosolization of aminoglycosides can enhance their 

efficacy, especially in treatment of Bordetella and P.seidlomonas tracheobronchitis 
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Drug 


Route 


Frequency 






Bronchodllators 


Albuterol 


20-50 Mg/kg (D) 


bid-tid 

(increase slowly) 


PO 


Terbutaiine 


1.25 mg/kg up to 10kg (D) 

2.5 mg/kg up to 25kg (0) 

5 mg/kg over 25kg (D) 

0.625 mg total (C) 

0.01 mg/kg SQ (C) 

20 mg/kg (D) 

25 mg/kg (D) 


bid 


PO, SQ 


(C 


Sustained-release 

theophylline: 

Slo-bid Gyrocaps 
(Rhone Poulenc Rorer) 

Theo-dur (Key Pharm) 


bid 


PO 


bid 


Anti-inflammatory 

0.5 to 1 mg/kg 


Prednisone or predniso 

lone (Delta-Cortef, Up¬ 
john) 

Dexamethasone 


sid, bid 


PO 


0 . 2 - 2.2 


IV, IM 


Antimicrobial 

PO, SQ 10 mg/kg 


Amoxicillin (Amoxi, SK 

Beecham) 

Amoxicillin/clavulanic 
acid 

Cefazolin (Kefzol, Lilly) 

Cephalexin (Keflex, 
Dista) 

Cefotan 

Doxycydine (Vibramycin 

Pfizer) 

Enrofloxacin 

Gentamicin 


bid 


10-20 mg/kg 


bid-tid 


PO 


20 mg/kg 

22 mg/kg 


tid 


IV 


tid 


PO 


tid 


30 mg/kg 
2.5-5.0 mg/kg 


i".. 


bid 


PO 


sid, bid 


PO, IM | 5-10 mg/kg 

IV, IM 

SQ, IT 


1-2 mg/kg 


sid, bid 


Adapted from Boothe DM, McKiernan BC: Respiratory therapeutics. Vet Gin North Am 22:1231 

1992. 


infections, which can colonize the mucosal surfaces of the airways. 25 Aerosol deliv¬ 
ery of antibiotics should he used in concert with systemic therapy. 25 

Some patients with concurrent upper and lower airway disease may benefit 
from treatment w ith bronchodilators (see Table 38 
anism of action, some of the drugs that induce bronchodilation may also reduce 
inflammation. Theophylline has been a cornerstone of long-term bronchodilator 
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therapy in human and veterinary medicine. 25 In addition to its bronchod i latory 
effects, theophylline inhibits mast cell degranulation, increases mucociliary 

clearance, prevents microvascular leakage, and increases strength of respiratory 

muscles. 25 The effects of these drugs should benefit animals in respiratory distress 
secondary to airway compromise. Because of pharmacokinetic differences, only 

specific sustained-release theophylline products (see Table 38-1) are recom¬ 
mended for use in dogs and cats; generic sustained're lease products and regular 

aminophylline (oral or injectable) are not recommended. The (3-receptor ago¬ 
nists, terbutaline (Rrethine, Geigy) and albuterol (Proventil, Schering), are also 
excellent bronchodilators. Injectable terbutaline is recommended in emergencies 

when acute bronchodilation is required (see Table 38-1). 
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Temporary tracheostomy may be required on presentation of animals with 

severe airway obstruction or during postoperative recovery from laryngeal or pha¬ 
ryngeal procedures. 1 Permanent tracheostomy should be considered for animals 

with upper airway obstruction secondary to nonresectable tumors, intractable 

swelling and edema, or following failure of upper airway surgical intervention. 

vner acceptance of and the dog’s quality of life after permanent tracheostomy 
lias been reported to be good. 
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Diseases that have progressed to the point of severe airway compromise 
(e.g., laryngeal paralysis, elongated soft palate, everted saccules, and laryngeal 

collapse) often require surgical intervention. Surgical enlargement of the rimma 
glottidis and improved airflow can be achieved with laryngeal tieback or partial 
laryngectomy procedures. The potential success of a tieback procedure should 
be evaluated preoperatively by manually attempting to enlarge the rimma glot¬ 
tidis with forceps per os. Older patients may have calcified, fixed laryngeal carti¬ 
lages that do not move easily and in ay not lateral ne well with the standard 

arytenoid lateralization procedure. 5 If a failure to increase the diameter of the 
airway is noted, laryngectomy may be required. A unilateral tieback procedure 

is most commonly performed as bilateral laryngeal procedures increase the risk 

of aspiration. 

Laryngectomy enlarges the rimma glottidis by partial resection of the vocal 
cords, lateral saccules, or the comiculate process of one arytenoid cartilage. 3 5 If 
primary mucosal closure is not obtained during laryngectomy, the rimma glottidis 
may become compromised as scar tissue forms a web across the ventral airway. 

I le chance of scar tissue formation may be reduced by using a carbon dioxide 
surgical laser for tissue resection, preserving the ventral fifth of each vocal fold 

avoiding the use of electrocautery, and most importantly achieving primary clo 

sure of the mucosa. 5,12 

Silastic implants (e.g., the Hood stent) have been recommended as another 
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method of preventing (or treating) laryngeal mucosal web formation. This stent 

is surgically placed between the exposed raw surfaces of the ventral larynx, left 
in place until mucosal healing occurs, and then later removed. 




Surgical intervention for tracheal diseases is considered only when medical 
therapy is deemed unsuccessful. Three surgical procedures that have been per' 
formed in dogs and cats include tracheostomy, tracheal ring prosthesis, and tra- 
cheal resection. 

Tracheostomy may be temporary or permanent. Although the main purpose 
is to bypass obstructions of the upper airways, tracheostomy can also be used to 
provide ventilatory support in the awake animal. Temporary tracheostomy 
should be considered in patients recovering from surgery of the upper airways. 1 
I he tracheostomy w ill provide a patent airway it postoperative swelling of the 
pharynx and larynx occurs. 1 In addition to providing a patent airway, tracheos- 
tomy allows swollen and edematous tissues to heal and avoid further trauma 
caused by turbulent airflow. If the airway obstruction is not correctable, a perma¬ 
nent tracheostomy must be performed. Long-term complications of permanent 

tracheostomy may include tracheitis, pneumonia, and respiratory distress second¬ 
ary to stoma occlusion. 12 Patients with permanent tracheostomies are not allowed 

to swim, should be kept from dusty environments, and may require intermittent 
long-term antibiotic therapy. 1: 

Tracheal ring prosthesis has been advocated as the treatment of choice for 
management of cervical tracheal collapse. 14,15 Dogs should be considered candi¬ 
dates for this procedure if their symptoms have not responded to at least 2 weeks 
of medical therapy. 15 Application of an extraluminal prosthetic ring has been 
the surgical procedure of choice (due to the high incidence of severe complica¬ 
tions, the spiral prosthesis should not be used in the authors’ opinion). Com¬ 
monly reported postoperative complications include loosening or breakage of 

the rings, infection, and laryngeal paralysis. 13 To date intraluminal stents have 
not been successfully used in clinical cases. 

Tracheal resection and anastomosis is indicated for patients suffering from 

occlusive lesions and tracheal transection. In these patients intubation may be 

difficult, but endotracheal tubes should extend beyond the proposed site of resec¬ 
tion whenever possible. Excessive tension on the surgical site is the main cause 
of complications such as dehiscence and stenosis. The amount of tension that 
causes anatomosis breakdown varies with age. Tension at the site of anastomosis 
can be reduced by placement of tension sutures and maintaining cervical flexion 
postoperatively. As with the larynx, mucosal defects may facilitate the develop¬ 
ment of scar tissue and subsequent stenosis. 34 


TriTH I h 


The prognosis is variable for laryngeal and tracheal disorders. Signalment, etiol¬ 
ogy, concurrent diseases, and duration of the disease all play a role in therapeutic 
success. Tins prognosis is worse when chronic damage (malacia) of the ami- 
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lagenous infrastructure of the airways is present. Improved outcomes will be 

achieved when therapeutic intervention is initiated early in disease process. 
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Allergic airway disease is a broad and poorly understood disease in small animals. 

The disease is typically characterized by bronchial and/or alveolar inflammatory 

changes including submucosal wall edema, increased bronchial secretions, 
smooth muscle hypertrophy, and smooth muscle constriction of the bronchioles 

and small bronchi. Labored breathing, rapid shallow breathing, increased expira- 
tory effort, and cough characterize the clinical signs of lower airway disease. 
Studies have shown that small animals with airway disease have variable degrees 
of hypersensitivity in the b ronchio ir smooth muscle. 1,2 The disease can have 

an acute onset with completely reversible changes, or it can become a chronic 

disease (a duration of more than 2 months) and be associated with irreversible 

bronchial wall changes.* Diseases commonly included in this definition include 
allergic bronchitis, “feline asthma,” and pulmonary infiltrates with eosinophils 

(PIE). 
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The pathogenesis of allergic asthma in humans has been more thoroughly inves¬ 
tigated than it has in small animals/ One should avoid terming small animal 

allergic airway disease as “asthma” because the pathogenesis is much less clear 

than in humans/ Human asthma is defined as a disease of the airways that makes 

the airways prone to narrow too easily in response to a wide variety of provoking 
stimuli. The ease with which these airways narrow is termed hyperreactivity/ 

Asthmatic patients develop high concentrations of IgE antibodies in response 
to these various inhaled allergens. Mast cells within the lungs, located in close 

association with the bronchioles and small bronchi, bind to IgE antibodies. Once 

bound, the tnast cells degTanulate via complex intracellular pathways, releasing 
inflammatory mediators (e.g., histamine, leukotriennes, eosinophilic chemotac- 
tic factor, and bradykinin) The inflammatory mediators cause immediate airway 
bronchoconstriction Leukotriennes also contribute to a late phase inflammatory 
response that takes place several hours after mediator release 7 ** and causes muco¬ 
sal edema, smooth muscle hypertrophy, the accumulation of secretions, and air¬ 
way narrowing (Figure 39-1). 

In humans, these pathophysiologic changes lead to an increase in lower 

airway resistance and a decrease in compliance as measured by pulmonary func- 
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Pathophysiology of human asthma showing that both acute and late phase inflam 

matory mediators are involved. 


tion tests. Because of pulmonary elasticity and interdependence, inspiratory mea^ 

surements are affected less than expiratory measurements. This phenomena 

causes i4 air trapping” within the unps and may lead to a radiographically apparent 
hyperinflation of the lungs as well as an increase in functional residual capacity 
(FRC). Expiratory values such as forced expiratory volume at one second (FEV1) 

markedly decrease. 
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The pathophysiology of small animal allergic respiratory disease is less well u*v 
derstood than asthma in humans, but it is becoming clearer that allergic respira¬ 
tory disease in small animals encompasses a broad spectrum of clinical findings 

on examination of affected animals. Diseases that should be included in small 

animal allergic respirator disease include allergic bronchitis, parasitic larval mi¬ 
gration, pulmonary infiltrates with eosinophilia, and feline asthma. Although 
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similar in presentation and treatment, diseases such as canine and feline bronchi- 

tis have not been shown to be allergic in nature. Factors contributing to the 

development of allergic respiratory disease in small animals include lower airway 
inflammation in response to either an extrinsic noxious stimuli or intrinsic hy¬ 
persensitivity to antigenic stimulation. These factors cause mucosal edema, air¬ 
way smooth muscle hypertrophy and constriction, and excessive production of 

airway secretions. 
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Intestinal parasite migration as well as primary pulmonary parasitism can cause 
a parenchymal or lower airway allergic inflammatory response. Toxocara cards , 
for example, can cause pulmonary disease in young dogs when larval migration 
takes place as part of t he normal parasite development. An inflammatory “aller¬ 
gic reaction” can take place in the lower airways and parenchyma because of 
antigenic stimulation and the eosinophilic infiltrate induced by the larvae. Usu¬ 
ally, the inflammatory reaction is mild, and young dogs recover well with de- 
worming alone. 

Clinical signs associated with larval migration var markedly from asymp¬ 
tomatic to severe coughing, wheezing, and respiratory distress. A complete blood 
count (CRC) may snow eosinophilia or basophilia, although this rinding is vari¬ 
able. On chest radiographs, a variety of changes may be seen including interstitial 

infiltrates, bronchial thickening, and even alveolar consolidation. A clinician 
should be suspicious of larval migration in a young dog with acute onset of cough 
and increased respiratory effort with or without a positive fecal. Ova may be 
difficult to find on fecal examination because larvae usually begin to migrate 
before shedding ova into the intestinal tract. 10 Other parasites known to migrate 
through the lungs include Ancylostoma caninum and Srrongykwdes stercoralis. An - 
cyiostoma carunum and T canis ova can be seen with routine fecal floatation tech¬ 
niques. Scrongyloides stercoralis is more reliably found by use of the Baermann 

technique. 

Primary lung parasites include Paragontmus kellicotd , Aehirosmmgylus abscru- 

Capillana aerophilia , and others (Table 39-1). In certain parts of the United 

States, primary pulmonary parasites are a common rule out with a dog or cat in 

respiratory distress. In cats, lung parasite infection can easily be confused with 

feline asthma. Diagnosis is primarib by demonstrating ova or larvae in pulmo¬ 
nary fluid or on fecal examination. Thoracic radiographs reveal either a diffuse 

interstitial, bronchial, or alveolar pattern. Frequently, no organisms are found, 

and a presumptive diagnosis is made by observation of airway eosinophilia in 
the appropriate geographical setting. History often aids in the diagnosis a> well. 
An outdoor cat with a historv of eating snails, for example, 1 as a greater chance 

of infection with Paragonimus sp than a completely indoor cat. 
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Pulmonary infiltrates with eosinophils is thought to be a type I hypersensitivity 
reaction occurring in the pulmonary parenchyma in response to various stimuli. 
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including pulmonary or migrating parasites, heartworms, drugs, or inhaled aller¬ 
gens . It occurs mainly in adult dogs with no particular predominant age group. 

One study showed that 65% of PIE cases were associated with heartworm dis- 

Although PIE appears to he allergic in origin, one should know that T IE 
mainly affects the pulmonary parenchyma and not the airways. Affected dogs 
classically have respiratory distress (characterized by rapid, shallow breathing), 

some coughing, and possible cyanosis. Radiographically, a diffuse interstitial, 

bronchial, or alveolar pattern is seen. Hilar lymphadenopathy is commonly seen 

as well. Eosinophils 

tion. Basophils have been identified 

common, although it is not seen in all cases of PIE. 10 * 12 Morbidity and mortality 
depend greatly on whether or not an inciting cause can be found and removed 

or the signs controlled with medical therapy. 
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the predominant cell type on airway cytologic examina- 

in some cases. Peripheral eosinophi ia is 
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Feline bronchopulmonary disease is a broad term that encompasses several differ¬ 
ent disease processes. Although some affected cats may truly be allergic and 
asthmatic, others may have chronic changes (chronic bronchitis) due to pro¬ 
longed and persistent irritation and inflammation to the lower airways related 
to nonallergic stimuli. 








The most predominant cell type found in bronchial washings of cats affected 
by bronchopulmonary disease are neutrophils and eosinophils. Dye et al 
ported that moderately and severely affected cats had statistically significantly 

higher percentages of eosinophils, neutrophils, and combined neutrophils and 

eosinophils when compared with healthy cats. Mast cells, however, were infre¬ 
quently found and at most represented 8% of all the cell types. 2 Moise et al. 

found the predominant cell type in affected cats to be eosinophils (24% of cats), 
neutrophils ( ’ 3% o; cats), macrophages (22% of cats), or a mixed cell popular h >n 

(21% of cats). 3 Out of 65 cats, 58 had bronchial washings consistent with an 
exudate. Clearly, the pathogenesis of the feline bronchopulmonary inflammatory 

response is variable. Defining the feline pulmonary inflammatory response is 

complicated further by some reports that up to 30% eosinophils may be seen 
in the bronchoalveolar lavage fluid of healthy cats. 13 The cellular inflammatory 
response is only partially responsible for feline bronchopulmonary disease. An¬ 
other important factor is lower airway hyperreactivity, which may be defined as 
the ease with which airways narrow in response to a nonspecific (nonallergic or 
nonsensitizing) stimulus. 14 While some small animal patients may have inher¬ 
ently reactive airways to allergic stimuli, studies also suggest that manv animals 
have a degree of airway responsiveness to extrinsic noxious stimuli. Patients have 
had exacerbations of clinical signs apparently associated with exposure to seemed 

hair sprays or changing the brand of litter to a clay-based product. 2 Other sug¬ 
gested factors included changing to a dustier type of litter, use of a scented air 
freshener near the litter box, and smokers in the household. It is suggested but 
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not clearly substantiated that clinical improvement may be seen in a cat with 

nox 


feline bronchopulmonary disease by simply removing the patient from these 


ious stimuli. 
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(with increased expiratory effort and rapid, shallow breathing) is a common clini 

cal sign. Cats often display open-mouth breathing on examination; excessive 
coughing is typical. The onset of distress may be acute with marked tachypnea 
although this does not necessarily indicate an acute disease. More severe respira 

tory distress in cats with allergic airway disease is characterized by increased 

expiratory effort. Wheeies and forced abdominal expiration are common and 

are the result of airway narrowing caused by the inflammation and bronchocon 

strict ion in the lower airways. One can often see 

domtnal push as the animal attempts to force trapped air out of its lungs. 

Seventy-five percent of cats in one retrospective study had signs of coughing 
on examination, v )f these, 50% also showed other respiratory signs 

obstruction i.e 


t 


even 


a 




1.15 


« 


* 


•R 


W 


a 




* 


t 




Signs ot lower airway obstruction with no history at cough were seen in 16% of 

is over-represented in cats 


with lower airway disease. 2 ' 5 \\ l\ile one 
nary disease is more common in female cats, other studies find that there is no 
sex predilection. No age group seems to be predominant. 
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In any cat with respiratory distress, a routine CBC, biochemical analysis, and 
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allergic airway disease, these test results are within normal limits. Less than 40% 
of cats with allergic airway disease are found to have peripheral eosinophilia, yet 

this remains a common misconception. 2,3 In one study of 312 cats with peripheral 

ic airway dis 

T In the study by Moise, only 14% of bronchial lavage specimens from cats 
with bronchial disease contained eosinophils as the predominant in I immatory 

cell. These findings strongly suggest that a diagnosis of allergic airway disease in 
a cat with peripheral eosinophilia should not he made without cytologic evidence 
demonstrating concurrent airway eosinophilia. 

Fecal examination and heartworm testing should he included in order to 
rule out parasitism. A heartworm test is an important diagnostic test in any cat 
with labored breathing and signs of interstitial disease. Most cats experimentally 
infected with Dtrvfilaria tmmitzs showed radiographic signs of bronchointerstitial 




eosinophilia, only 28/312 (9%) 


# 


of these cats, radiographic signs of lobar arterial enlargement resolved by 270 

days postinfection, while the pulmonary hyperinflation and hronchointerstitial 
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patterns persisted and even worsened in some cats. 17 Feline heartworm disease 
should be diagnosed by an antibody rather than an antigen test since the amount 

of antigen can be extremely low in some cats. 
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Recent work has explored the use of hyposensitization in treating feline 

allergic disease. Some evidence exists to support that feline allergic airway disease 

may be linked to an atopic process. 19 Halliwell reported that hyposensitization 
led to a 86% improvement in clinical signs in four cats with presumed allergic 

asthma. He suggests in this study that the RAST test be performed in cats with 

allergic airway disease in which no specific cause can be found for the disease. 
It is hypothesized that by determining which IgE allergen-specific antibodies are 
in the patient, one can desensitize the patient by giving small amounts of this 
antigen on a frequent basis. 19,20 The study unfortunately does not prove that the 
clinical response seen was directly the result of hyposensitization therapy since 
many of the patients were given anti-inflammatory doses of steroids before or 

during the tune of desensitization as well. 
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Thoracic radiographs should be part of the workup for any respiratory dis¬ 
tress case. Patients in severe respiratory distress should be stabilized before risking 
the stress of the positioning required for routine chest radiography. Changes on 
thoracic radiographs are variable; an increased interstitial and/or alveloar pattern 
and, most typically, increased bronchial densities are reported. Common terms 
used to describe the bronchial pattern include “doughnuts” and “tramlines,” rep¬ 
resenting the thickened bronchial walls viewed end-on or from the side, respec¬ 
tively. 10 The severity of radiographic changes has been shown to vary. Dye et 

al. : demonstrated that radiograph findings did not correlate well with pulmonary 
function testing. Moise et al. 3 also demonstrated that allergic cats can have radio- 
graphic changes ranging from very mild to severe, and that these changes do 
not correlate with the severity of other diagnostic tests. Alveolar infiltration and 
consolidation of the right middle lung lobe has been reported in 11% oi cats 
with bronchopulmonary disease.* It is hypothesize I that this consolidation is 

the result of decreased mucus clearance, bronchial obstruction, and subsequent 

atelectasis. 

Bronchoscopy is an extremely valuable tool that can be used to obtain diag¬ 
nostic information from the pulmonary system. Bronchoscopy allows direct visu¬ 
alization of the internal aspect of the trachea and bronchial tree. Animals with 
allergic airway disease commonly have excessive, thick mucus secretions in their 
lower airways. The mucosa of the airways is typically hyperemic and edematous 

Bronchoscopy also aids in ruling out common differentials including neoplasia, 

foreign body, and granulomatous processes. During bronchoscopy, a bronchoal- 

veolar lavage should be performed This procedure allows the clinician to evalu¬ 
ate cytopathologic changes in the lower airways. Bronchoalveolar lavage is gen¬ 
erally preferred over transrracheal wash since the former yields a cell population 
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that is more representative of the distal airways and inrerstitium. Particularly in 

large-breed dogs* transtracheal wash does not yield the cell population of the 
distal airways but rather exfoliated cells within the larger central airways. Fluid 

obtained from the lower airways by either procedure should be cultured to ex- 
elude bacteria as a potential cause of the inflammatory response. Quantitated 

culture is recommended, although a clinically significant bacterial colony count 
is not commonly obtained in a dog or cat with chronic bronchial disease. 2,21 
Finally, bronchoalveolar lavage has been shown to be more accurate than trans- 
tracheal wash in the diagnosis of bacterial and mycotic infection of the lower 
airways. 21 Bronchoscopy also allows for the clinician to obtain bronchial mucosal 

specimens for histologic examination, if indicated. Biopsy can be extremely help¬ 
ful in patients in which fungal or neoplastic growths are involved. The benefit of 
mucosal biopsy over cytologic examination (by bronchoalveolar or transtracheal 
wash) in a cat with suspected allergic airway disease is questionable. 
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Pulmonary function testing is the gold standard for diagnosing and treating 

asthma in humans. Characteristic changes include an increase in resistance, de¬ 
crease in compliance and FEV1, and an increase in FRC. 4 Unfortunately, in small 

animals, current limitations of equipment and training make these techniques of 

limited availability. An additional drawback in small animal pulmonary function 

testing is that our patients are unable to cooperate by voluntarily and forcefully 
exhaling on command. This makes it essentially impossible to measure variables 
such as FEV1 and FRC. Work is being done, however, to make pulmonary func¬ 
tion testing more accessible and to determine other variables that may be used 

to evaluate lung function in small animals. In an anesthetized patient, one can 
indirectly measure transpulmonary pressure by placing an esophageal balloon 
catheter. Flow can also be indirectly measured by means of a pneumotachograph 
attached to the endotracheal tube. With these measurements, one can calculate 
compliance, resistance, and other measures of lung mechanics. Unfortunately, 

studies to date have demonstrated marked variation in the lung mechanics in 
small animals with lower airway disease. 

cats have hyperreactive airways in response to metacholine challenge, variability 

exists as to the extent of hyperreactivity in each patient. Hoffman et al. 22 demon¬ 
strated that even in healthy cats, airway reactivity is highly variable and not 
predictable from baseline pulmonary measurements. Hyperreactivity of the small 

airways to bronchoconstricting agents appears variable in both healthy animals 

as well as in those displaying signs of lower airway disease, 
difficult to define the degree that airway hyperreactivity contributes to smal 
animal allergic airway disease. 
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Dye et al. 2 showed that while some 
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Once a diagnosis of allergic airway is confirmed, both intrinsic and extrinsic 
factors should be addressed when considering therapy. The veterinarian should 

advise clients to remove possible inhalant irritants from the animal's environ- 
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merit, including such things as dusty litter, perfumes, aerosols, and cigarette 
smoke. Owners have also reported that their pets condition seems to worsen 

when heaters or air conditioners are turned on for the first time during the season, 

perhaps reflecting recirculation of debris trapped in air filters and suggesting that 

routine filter changing and cleaning be done. 

In most animals, medical management in addition to irritant avoi lmce is 

necessary. Several options exist for medical management of these patients. Ste- 
roids, bronchodilators, and oxygen therapy are the mainstay of emergency ther¬ 
apy 24 (Table 39-2). Steroids are used in emergency situations and also on a long¬ 
term basis to decrease inflammation and airway resistance in the lower airways. 
Steroids inhibit inflammation by several different mechanisms. These mecha¬ 
nisms include stabilization of lysosomal membranes, decreased migration of white 
hlcxxl cells, decreased production of interleukin 1, and decreased reproduction of 
lymphocytes. 4 Steroids also inhibit phospholipase A2, blocking the arachidonic 
pathw ay and leading to a decrease in inflammatory mediators such as prostaglan¬ 
dins and leukotriennes. :s 


* 


Recommended 


Steroids 


t mg/lb divided q12h 

SQ/IV/PO; taper dose to 

q24h use if possible; 
may try to discontinue 

seasonally 


Immunosuppressive: sta¬ 
bilize membranes, de¬ 
crease WBC migration, 
decrease IL-1 and lym¬ 
phocytes 

Bronchodilation via Beta 
receptor sympathetic 

pathway 


^agonists 


Albuterol 


Start at 20 ug/kg q12h 

PO; can go up to 50 ug/ 
kg q8h PO depending 

on side effects 
0.01 mg/kg SQ/IV 


Terbutaline 

Time Release Theophylline 


Phosphodiesterase inhib 

itor—increases intracel¬ 
lular CAMP 


rheo-Dur tablets 


25 mg/kg q24h IPO (eve 
ning) for cats, 

20 mg/kg q!2h PO BID 

for dogs 


Slo-bid Gyrocaps 


25 mg/kg q24h PO (eve 
ning) for cat, 

25 mg/kg q12h PO for 


dogs 


Increases diffusion gra 

dient 


Oxygen 


These are mainstay drugs used for emergency allergic airway disease. Terbutaline and theophylline 
should only be used once cardiac disease has been ruled out. 
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Two primary classes of bronchodilators are available that can be used to 
treat respiratory distress. These chisses include methylxanthines (theophylline* 
aminophylline) and selective P-2 receptor agonists (terbutaline or albuterol). In 

a distressed animal* injectable terbutaline should be administered for the quickest 

effect. The clinician should rule out cardiac disease before administering these 
medications since tachyarrhythmia is a possible side effect of the beta agonists. 

If the animal shows a clear response to bronchodilator administration, there is 

support for continuing oral administration of medication for long-term therapy. 
Response can be measured by noticing changes in such things as airway resis- 

tance* respiratory' rate, expiratory effort and even the degree of hyperinflation 

on thoracic radiographs. The authors prefer using either of two sustained-release 

theophylline products (Theo-Dur tablets or Slo-bid Gyrocaps) on the basis of 

studies demonstrating acceptable pharmacokinetics with these two products. 

1 losing in cats is once daily at night because less variability and higher peak 
concentrations were observed compared with morning dosing. 

Antihelminthics are routinely recommended for animals w'ith allergic air- 
way disease. Although bronchoscopy and bronchial washings offer the best 
chance of diagnosing parasitic allergic lung disease* there are times when either 
these resources are not available to the clinician or treatment is started on a 
prophylactic basis. In these situations, various antihelminthics are available (Ta¬ 
ble 39-1). 11 Response to treatment should he monitored by clinical response, 

thoracic radiography, and periodic fecal examination. 

It has been suggested that antihistamines and hyposensitization may be of 
benefit in the treatment of the inflammatory response associated with allergic 
airway disease. 19,20 This line of reasoning assumes that small animal allergic air¬ 
way disease mimics the pathophysiology of human asthma, and that mediator 

release (histamine, bradykinin* leukotriennes) is the underlying cause of bron- 
choconstriction. Many studies, however, have shown that mast cells are not a 

predominant cell type in bronchial washings in small animals with allergic airway 
disease. 5,2 Furthermore, recent studies have shown that cats challenged w ith his¬ 
tamine aerosolization have variable responses of pulmonary resistance and com¬ 
pliance. Some cats demonstrate bronchodilation in response to histamine chal¬ 
lenge. 1,2 This would argue that antihistamines would not be an efficacious drug 
in the treatment of allergic airway disease in cats. Padrid 29 has also suggested 
that cyproheptadine (a serotonin receptor antagonist) may have potential in 
treating allergic airway disease in cats. In vitro, serotonir has been shown to 
cause contraction of tracheal and bronchial strips of feline smooth muscle. It is 

presumed that the serotonin originates from mast cell degranulation, although 
this has not been directly proven. Serotonin does not appear to have similar 
effects on human or equine pulmonary smooth muscle. 29 It has yet to be deter¬ 
mined whether cyproheptadine will work in vivo as well in cats with ainvay dis- 
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Many human asthmatics are now treated with new drug therapies such as 

leukotrienne receptor blockers or inhibitors of the enzyme 5-lipoxygenase, which 

is responsible for the formation of leukotriennes themselves. These drugs include 
Zileuton (Zytlo), an inhibitor of 5-lipoxygenase, and montdukast (Singulair) 
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and zfirlukast (Accolate), both leukotrienne receptor blockers. Clinical efficacy 
in humans has been demonstrated in a number of large clinical trials.* 0 Patients 

treated with both ^-agonists and either zileuton, zafirlukast, or montelukast 

showed significant improvement in FEV1 over a period of 4 to 6 weeks, and 
rheir use of rescue (i-agonist therapy decreased as well. 31 Padrid 29 was unable to 
show efficacy using a lipoxygenase blocker in his m del of experimentally in¬ 
duced, allergic airway disease in cats. Although the human literature is encourag¬ 
ing, to date no clinical studies have l^een performed on animals with allergic 
airway disease to evaluate the efficacy of these drugs. 
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The prognosis for small animals with allergic airway disease is variable depending 
on the cause, chronicity, and continuing exposure to irritants. The overall clini¬ 
cal picture can he exacerbated by concurrent underlying cardiac or other respira¬ 
tory disease. The disease in cats is often a chronic disorder, one that wil exhibit 

either persistent signs or episodic flare-ups. While mortality is not greatly af¬ 
fected, morbidity is high in affected cats because of the chronicity of the disease. 
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Pulmonary edema is one of the most life-threatening and challenging conditions 

faced by the critical care specialist. The term pulmonary edema is often used 

synonymously, but incorrectly, with cardiogenic pulmonary edema; however, the 
strict definition refers to any condition that results in an increase in the extravas- 
cular water content of the lung. Pulmonary edema can be classified into two 
major forms on the basis of the underlying pathogenesis. High-pressure edema 
refers to increased lung water due to an elevated pulmonary capillary hydrostatic 
pressure and transudative losses of low-protein fluid through an intact pulmonary' 
microvasculature. 1 In most cases this is due to increased left atrial pressure from 
heart failure or fluid overload. Increased permeability edema results from damage 

to the microvascular endothelium and/or alveolar epithelium thereby providing 

a direct conduit for leakage of high-protein fluid and even blood cells into the 
pulmonary interstitium and alveolar air spaces. 1 Most, if not all, causes of high- 
permeability edema have an inflammatory component and 

can progress to the acute respiratory distress syndrome (ARDS) in severe cases. 

Basic concepts of body fluid compartments and the fluid fluxes between 

compartments are often greatly oversimplified. To manage the patient with pul¬ 
monary edema to the level befitting critical care medicine, a more complex un¬ 
derstanding is required. Appreciation of the normal water, solute, and protein 

fluxes in the lung, the processes involved in the generation of edema, the defense 

mechanisms that protect against fluid accumulation, and the ways in which ex¬ 
cess fluid is cleared from the pulmonary interstitium and alveolar spaces should 
allow a more informed, rational, and hopefully successful approach to the man¬ 
agement of the patient with pulmonary edema. 
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There are three major fluid compartments in body tissues: the intracellular space 
within cells, the interstitial space between cells, and the intravascular space 

within blood vessels. Together the intravascular space and interstitial space com¬ 
prise the extracellular space. Movement of fluid between compartments depends 
on the permeability of the relevant barrier and the concentration of molecules 
contained within each compartment. The cell membrane is only freely perme- 
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able to water. Movement of water across the cell membrane depends on the 
relative concentration of molecules within cells compared to the concentration 
around the cell. Osmotic movement of water will occur into an area with a 

higher concentration of molecules. The microvascular barrier in most tissues 
is freely permeable to water, small solutes, and relatively (but not completely) 

impermeable to macromolecules. 2 This means that a protein concentration gradi¬ 
ent exists from the vasculature to the interstitium. The higher concentration of 

impermeant solutes within the capillaries exerts an osmotic pressure, termed the 
intravascular colloid osmotic pressure (COP) that acts to retain fluid. Fluid ex¬ 
change between the vasculature and the interstitium is governed by the balance 
between hydrostatic and osmotic pressure gradients between the intravascular 

compartment and the interstitium. J 


Flow 


hCfc(papillary - interstitial) + a (capillary 

hydrostatic hydrostatic 
pressure 


Interstitial) 

1COP 


COP 


pressure 


The filtration coefficient. K,is basic all-, a measure of how well a specific tissue 
allows fluid efflux from the vasculature. It depends on the capillary surface area 
and hydraulic conductivity; that is, the greater the surface area available and 

higher the hydraulic conductivity of a membrane system, the greater the trans- 

vascular fluid flow will be in that tissue. The reflection coefficient, G, indicates 

the relative permeability of the membrane to protein. A value of 1.0 corresponds 

to complete impermeability, 100% of the possible colloid osmotic gradient can 
be maintained across that membrane and exert its full effect to retain fluid within 

the intravascular space. 

A hydrostatic pressure gradient in excess of the C I gradient at the arterial 

end of the capillary bed results in a net transudation of fluid into the interstitium. 
At the venous end of the capillary bed, plasma proteins exert an osmotic force 

in excess of the hydrostatic gradient resulting in a net fluid flux into vessels. 

I he hydrostatic and COP gradients governing transvascuiar fluid flux and t ie 

permeability of the microvascular barrier can vary between different tissues and 
at different levels of the capillary bed within the same tissue. 
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The pulmonary ultrastructure is highly specialized to facilitate and protect gas¬ 
eous diffusion (Fig. 40-1). The alveolar epithelial cells and capillary endothelial 
cells are extremely thin and have a fused basement membrane to minimize the 
width of the diffusion barrier. In normal lung there is a constant extravasation 
of fluid from the pulmonary microvasculature into the interstitium that is cleared 

via the lymphatic system. Because the endothelial and epithelial cells on the 
gas exchange side of the capillary are fused, normal interstitial fluid flow occurs 

on the opposite side of the capillary to gas exchange. Furthermore, the distensi- 
bility of the pulmonary interstitium increases toward the penbronchovascular 
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Figure 40-1 

Schematic of electron photomicrograph of normal lung. 


thereby ensuring that excess fluid not cleared by pulmonary lymphatics 


regions 

will tend to accumulate where gas exchange will be least affected/ 

In small arterioles, capillaries, and small venules, the pulmonary microvas 

cular endothelium is permeable to water and electrolytes, but restricts the move 
ment of protein. In contrast, the alveolar epithelium is essentially impermeable 

to all blood solutes and is only freely permeable to water. As in all tissues, exrrav 
asation of fluid from the pulmonary microcirculation depends on the balance of 
hydrostatic pressure and COP between die pulmonary capillaries and the inter 




stitium. 


It is important to realize that hydrostatic pressure is the only major force that 
results in extravasation of fluid from pulmonary microvessels in normal lungs 
and in both types of pulmonary edema. 1 In the treatment of pulmonary edema 
there has been a tendency to focus on hydrostatic pressure modification (. diuretics 
and vasodilator*) in high-pressure edema and not in increased permeability 
edema. In severe permeability edema where protein can freely cross into the 

interstitium reducing hydrostatic pressure reduction may be the only means by 
which to reduce fluid extravasation. 

Pulmonary edema will occur w r hen the rate of interstitial fluid formation 

overwhelms the clearance mechanisms. The mechanisms by which tissues pro 

tecr themselves against edema are collectively named the tissue safety factors 5 
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and comprise (1) increases in interstitial hydrostatic pressure, 2) decreases in 

interstitial COP, and (3) increased lymph flow* The normal perimicrovascular 
pulmonary interstitium has a relatively low compliance; therefore, as fluid passes 

into the interstitium the tissue hydrostatic pressure will rise, thereby opposing 
filtration. Furthermore, extravasated fluid with low protein concentration will 

reduce the interstitial COP, which will also limit further filtration. Lastly, be- 

cause the perimicrovascular interstitium is not compliant, increased interstitial 
fluid results in an increased driving pressure for lymphatic drainage. 

The interstitial matrix may be actively involved in the modulation of small 

and especially large solute fluxes through the interstitium. 6 The complex, coiled 

structure of the huge, negatively charged molecules in the interstitial matrix 
hinders movement of water and solute and thereby contributes to the permeabil¬ 
ity of the microvascular harrier. This maze of meshed macromolecules also sen es 
to resist expansion and collapse during conditions of edema and dehydration. 
In mild edematogenic states, small increases in volume result in large increases 
in interstitial hydrostatic pressure that act to limit extravasation of fluid and 

increase lymphatic drainage. In most tissues, the interstitium remains non- 
compliant until a threshold is reached and the interstitial structure abruptly 
breaks down. This is called stress relaxation and it is important because it means 
that the interstitium will become distensible and edema can rapidly progress. In 

the lung, the critical point may be when alveolar or airway cell separation and 

alveolar flooding occur. Fluid then accumulates in the interstitium and alveoli 
without a corresponding protective rise in interstitial pressure and lymph flow. 

Furthermore, during conditions of increased interstitial fluid flow, the compo¬ 
nents of the interstitial matrix can actually be washed out via the lymphatic 
system, further reducing interstitial resistance to fluid flow. From a clinical stand¬ 
point, this means that as gradual expansion of the interstitium occurs with over- 
hydration from fluid therapy, edema can abruptly worsen. 
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\s pulmonary capillary pressures gradually increase over the intravascular 

COP (usually due to left-sided heart failure or fluid overload), fluid extravasation 

increases and ultimately overwhelms t e capacity for removal by pulmonai lym¬ 
phatics. Although the lung is extremely resistant to edema formation from hypo- 
proteinemia alone, 7 lower intravascular COP reduces the hydrostatic pressure at 
which edema occurs. 8 Fluid then begins to accumulate in the interstitium and 
flows toward the peribronchovascular interstitium. Eventually edema fluid will 

distend all parts of the pulmonary interstitium and fluid will begin to fill rhe 

alveoli. It appears that, because the alveolar membrane is so impermeable to 
solutes, alveolar filling does not occur by fluid flow through the epithelium, but 
rather it spills into the airspaces at the junction of the alveolar and airway epi- 

tlielia. Blood vessel rupture can also occur with hydrostatic edema as evidenced 

clinically by the serosanguineous nature of edema fluid seen in some cases of 

cardiogenic pulmonary edema. Because many forms of left heart failure are grad¬ 
ual, rises in hydrostatic pressure often occur over a relatively long time period. 
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In contrast, fluid therapy can cause more precipitous increases in hydrostatic 
pressure especially if cardiac insufficiency is present. 
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Injury to the tnicrovascular barrier by direct chemical injury or inflamma- 
tory cells and mediators results in a reduction of the selective permeability of 
the capillary endothelium to protein. This significantly reduces or abolishes the 
ability of colloid osmotic pressure to retain intravascular fluid. Similarly, the 
protective fall in interstitial COP that occurs with extravasation through an 

intact barrier is diminished or negated. Consequently, capillary hydrostatic pres- 
sure becomes the major determinant of edema formation. 1 Edema formation then 
occurs at normal or even low pulmonary pressures and even small increases in 
capillary hydrostatic pressure result in much greater edema formation than when 

the microvascular barrier remains intact. If the alveolar epithelial cells are also 

damaged, then interstitial edema rapidly progresses to alveolar flooding, which 
explains the increased clinical severity and fulminant course seen in increased 

permeability edema compared to hydrostatic edema. 
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Resolution of pulmonary edema involves clearance of interstitial and alveo¬ 
lar fluid. Although lymphatic drainage is one of the most important mechanisms 
limiting interstitial fluid accumulation, it plays a minor role in edema resolution 
in high-pressure edema. 9 Most interstitial edema fluid is cleared via the bronchial 

circulation 10 likely because of the peribronchovascular pooling of edema fluid. 

Absorption of water, solutes, and protein from alveoli occurs via different mecha¬ 
nisms and at vastly different rates. When the alveolar epithelium remains intact, 
alveolar free water, such as is seen in fresh water drowning, can be absorbed from 

the alveoli over the course of minutes. This is because the alveolar epithelium 
is virtually impermeable to solutes and, consequently, transepithelial osmotic 

gradients of up to 5000 mm Hg can exist! Resorption of sodium-containing alve¬ 
olar fluid occurs in a period of hours mainly via active transport by the alveolar 

epithelium, most likely via a sodium-potassium pump with glucose cotransport. 

Fluid absorption occurs against a co loid osmotic gradient, which increase*' as 

fluid is resorbed and protein remains behind. The mechanism of macromolecule 

clearance is less well understood but occurs at a very slow rate over a period of 

days. 1 * l * Slow macromolecule clearance, the presence of inflammatory cells, and 

alveolar epithelial cell damage or death likely explain the protracted resolution 

or progression to ARDS often seen with increased permeability edemas. 
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Causes of pulmonary edema potentially relevant to veterinary medicine are listed 

in Table 40-1. 

Any animal that develops systemic inflammatory response syndrome or dis¬ 
eases associated with systemic vasculitis is at risk for developing increased perme- 
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Cats 


in 


Increased 


Infectious pneumonia 
Pulmonary contusions/hemorrhage 

SIRS 


Left-sided heart failure 


Fluid overload 


Sepsis 


Uncertain or mixed etiology 
Neurogenic edema 

Re-expansion edema 
High altitude edema 
Feline endomyocarditis 


Pancreatitis 


Metastatic neoplasia 

Severe tissue trauma 


Immune mediated disease 


Systemic vasculitis 


Other 

Near drowning 


ARDS 


Pulmonary thromboembolism 


Toxic lung injury 
Smoke inhalation 


SIRS, systemic inflammatory response syndrome; ARDS, acute respiratory distress syndrome. 


ability edema. Animals with bacterial, fungal, or protozoal pneumonia have pul- 
monary edema due to parenchymal inflammation. 14 Many causes included under 
increased permeability and uncertain or mixed etiology edemas could also be 

antecedents of ARDS. As such, ARDS is the end result of an underlying disease 

process. Notwithstanding, ARDS represents one of the most refractory and chal¬ 
lenging forms of increased permeability pulmonary edema. Because ARDS carries 

such a 


>r prognosis, severe cases of pulmonary alveolar disease and impending 

respiratory failure should be vigorously pursued and aggressively treated to avoid 

the often irreversible condition of ARDS. Only two necropsy-based case senes 

have been published related to ARDS in dogs, 

determined from the literature; however, clinical experience suggests that it is 

very low. 




14,15 


so survival rule cannot he 


Lett-sided heart failure is covered in detail in Chapter 31. When managing 
cardiac disease in dogs and cats it can be helpful to remember that there are 

only a small number of common conditions in 
to older dogs will have either mitral valve disease or dilated cardiomyopathy, 
whereas most cats will have hypertrophic, thyrotoxic, or restrictive cardiomyopa¬ 
thy or endomyocarditis. Fluid overload has been largely ignored in the veterinary 

literature, ostensibly because many stable animals are able to deal with a wide 
variety of fluid types and infusion rates. 16 With the development of veterinary 
critical care, increasing numbers of cases are encountered where the resilience 
of the cardiovascular, respiratory, neurologic, and renal systems cannot be relied 
on. Furthermore, subsequent to the aggressive fluid therapy of the late 1980s and 
early 1990s, it has become apparent that, although aggressive fluid therapy is 

certainly indicated tn many cases, it can he detrimental in others, especially 


>th species. Most middle-aged 
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those with respiratory parenchymal disease. To cause severe fluid overload in 

normal dogs requires large volumes of intravenous fluitis (up to ^60 mL/kg/h) 
and even these rates did not result in death. 16 Cats 
overload especially those with renal insufficiency. A common mistake is to un¬ 
derestimate the relative intravascular volume-expanding effects of colloids versus 
ci rstalloids, again especially in cats. Because approximately five times the volume 
of colloid is retained within the intravascular space compared to crystalloid, the 

colloid infusion rate can be multiplied by 5 to obtain an equivalent rate of crys¬ 
talloid. If a rate of 50 mL/h of crystalloid is too much for a feline patient, 10 
mL/h of colloid may also be a relative overdose. All comments regarding colloid 
infusion apply equally to artificial hemoglobin solutions, which have a colloid 
action. 


more sensitive to fluid 


ata 


Toxins that can cause pulmonary edema include volatile hydrocarbons, 

paraquat, and cis-platinum in cats. Re-expansion edema is a poorly understood 

phenomenon reported in dogs and cats after chronically collapsed lung lobes are 

acutely re-expanded. 


17 , 18.19 


Suggested mechanisms include decreased surfactant 
concentrations, negative interstitial pressures, and oxygen (O 2 ) free radical for¬ 


mation. 


Neurogenic edema is an incompletely understood condition that results in 
both increased hydrostatic pressure and increased microvascular permeability. It 
occurs much more commonly in dogs and is usually due to head trauma or sei¬ 
zures, upper airway obstruction, or electric cord bite. The majority of affected 

dogs are under 1 year of age. In young dogs, the nature of the head trauma or 

upper airway obstruction can be trivial, such as a slap on the nose or a pull on 

a leash. Older dogs usually have more serious underlying causes such as seizures 
or laryngeal paralysis. Signs of dyspnea occur immediately after the incident. 

The prognosis is usually extremely good in young dogs and depends on the under¬ 
lying cause in older animals. 

Feline endomyocarditis is an intriguing and frustrating condition of un¬ 
known etiology seen in cats often following a stressful episode such as a veter¬ 
inary visit. 20 Cats are often young and present with an acute onset of severe 
dyspnea. Endocardial inflammation and interstitial pneumonia are seen in the 

majority of cases. The author’s clinical experience of this condition suggests that 

prognosis is very poor; however, given the extreme difficulty of establishing a 

definitive diagnosis prior to death, this may reflect severe cases only. 
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The most serious consequence of pulmonary edema is reduced arterial oxygen¬ 
ation from ventilation-perfusion mismatching. Affected areas also have de¬ 
creased compliance that can result in reduced lung volume and also overdisten- 
tion of nonedematous regions with the potential for barotrauma in artificiallv 

ventilated patients. 

Dogs and cats usually present for respiratory distress or become dyspneic 
during hospitalization. Successful management of the animal with difficulty 
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breathing demands that the clinician remain acutely aware of the fragility of the 

dyspneic patient. Even a brief major body system evaluation can prove fatal, 
especially in cats. Consequently, the risks of any manipulation must be carefully 

weighed against the potential benefits. Once an animal has suffered a respiratory 

arrest the odds 


hugely stacked against a successful outcome. Apart from 

the most severe upper airway obstructions, most animals will benefit from a pe- 

riod in 100% Q* in an G : cage prior to a complete evaluation of major body 




systems. 


The management goals for t ie patient with respiratory distress are to iden¬ 
tify the severity of the disease process and to identify the underlying cause. The 

instabili v of the patient may preclude any diagnostic testing before empirical 

stabilization. Clinical severity is determined by physical examination and pulse 
oximetry or arterial blood gas evaluation. In a critical patient, the possibility of 
more than one cause is not uncommon. 

Initial diagnostic evaluation should be directed at identifying the presence 

of respiratory versus nonrespiratory causes of dyspnea (such as pain, stress, excite- 
ment, metabolic acidosis, or brain disease). Respiratory causes may be due to 
upper airway obstruction, small airway disease, pulmonary parenchymal disease, 

pleural space disease, or defects or dysfunction of the chest wall and diaphragm. 
Once parenchymal disease is confirmed, the diagnostic evaluation then proceeds 

to identify its cause or causes. 
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Some causes of pulmonary edema have obvious historical indicators such 
as smoke inhalation, pulmonary contusions, re-expansion pulmonary edema, or 
previously diagnosed cases of congestive heart disease. In dogs with dyspnea, 
vomiting or regurgitation should raise suspicion of aspiration pneumonia. An 

older large breed dog with historical findings suggestive of laryngeal paralysis 

(such as changes in bark and exercise intolerance) may also have aspiration 
pneumonia or neurogenic pulmonar edema. Upper airway obstruction, seizures 

or head trauma, and electric shock account for a most all of the cases of neuro¬ 
genic pulmonary edema. Quite minor upper airway obstruction or head trauma 
can cause severe neurogenic edema. Any suspicion of rodenticide exposure 

should prompt coagulation testing because pulmonary hemorrhage is common 

with anticoagulant rodenticide toxicity. 22 24 A recent stressful episode such as a 

veterinary visit is noted in many cats with endomyocarditis. 
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The majority of pulmonary edema cases will have moderate to severe tach¬ 
ypnea and dyspnea, the severity of which can be inversely proportional to the 

chronic it v of disease. Some dogs with slowly progressive mitral valve disease can 

tolerate quite severe edema surprisingly well. Animals with neurologic disease, 

severe hypoperfusion, or respiratory muscle paralysis may not manifest appropri¬ 
ately severe respiratory distress. Paradoxically, some of the most severe pulmo¬ 
nary edema cases can clinically appear less dyspneic, potentially due to decreased 
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lung compliance or respirator' muscle fatigue. Mot all animals wit! pulmonary 

edema have crackles on pulmonary auscultation, but most will have either harsh 

lung sounds or crackles. With careful auscultation the abnormal area can be 

localized to a specific region. For example, a perihtlar distribution with cardio¬ 
genic edema in dogs or a predominantly dorsocaudal distribution with neuro¬ 
genic edema, or with aspiration pneumonia will have cranioventral harsh lung 
sounds or crackles. 
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Ultimately, chest radiographs are the initial test to identify the underlying 
cause of dyspnea because they provide information about the anatomy of the 
whole chest cavity and its organs. They can only be used to discriminate cardio¬ 
genic versus noncardiogenic cau ec pulmonary edema. Unfortunately, chest ra¬ 
diographs are also arguably the most stressful part of the initial diagnostic evalua- 
11 on and empirical therapy such as Oj and diuretics may have to i'e instituted 
first. With severe dyspnea, dogs will often tolerate a quick lateral radiograph, 
often the most useful view. In contrast, cats will sit in sternal recumbency for 
a dorsoventral view with minimal restraint. When taking radiographs of dyspneic 
patients, the equipment should be fully set up before beginning the procedure 

and O 2 supplementation should always be available. Even short periods without 

O z can life-threatenii\g, especially if the animal struggles during restraint. A 
cranioventral .ilveolc pattern is most compatible with aspiration pneumonia, 
whereas as dorsocaudal alveolar or interstitial pattern suggests neurogenic pulmo¬ 
nary edema. Alveolar disease, worse in the perihilar region, is often seen with 
cardiogenic edema in dogs. Notably, cats sometimes show perihilar edema but 

can also have patchy alveolar patterns that can sometimes appear almost nodular. 

Distended pulmonary veins relative to the corresponding pulmonary artery can 
be supportive of increased venous pressures in some cases. Not all animals with 
rhese diseases will have classic radiographic patterns and almost all causes of 

pulmonary edema can cause a diffuse pattern. 

Wit! a skilled echocardiographer, cardiac ultrasound can be a relatively 
quick and easy way to provide useful information on a possible cardiac compo¬ 
nent to pulmonary parenchymal disease. Most dogs will have mitral valve disease 

or dilated cardiomyopathy and cats usually have hypertrophic or restrictive car¬ 
diomyopathy, or endomyocarditis. Difficulty in appropriately positioning a dys¬ 
pneic animal can limit the ability to perform a meaningful study and adequately 

assess chamber sizes or wall thickness. 

Although chest radiograpl is prov ide anatomic information, bit d gas analy¬ 
sis and pulse oximetry can provide objective physiologic documentation of the 

severity of the underlying disease. Blood gas analysis or pulse oximetry, though 

useful, are not absolutely essential if they pose a serious risk. Obtaining a meta¬ 
tarsal arterial blood sample is usually much less stressful than using the 

femoral artery. Arterial blood gas analysis allows calculation of the alveolar- 
art ertal 0 2 tension difference (A-a gradient). The majority of patients with 

pulmonary edema will have an increased gradient and it is hard to consider a 

Copyrighted materia! 


Respiratory Failure 


diagnosis of pulmonary edema without one. Pulse oximetry is useful providing 
a meaningful waveform is obtained. An accurate reading may t e difficult in cats, 

in patients with ptx)r peripheral perfusion, fast heart rates, or pigmented skin, 
or in moving patients. If the accuracy of the reading is uncertain it should be 

viewed with appropriate skepticism especially if it is at odds with the clinical 


picture. 


Arterial blood pressure measurement is rarely of diagnostic value. However, 
because almost all conditions resulting in pulmonary edema can he associated 
with hypovolemic, cardiogenic, or septic shock, it is wise to monitor arterial 

pressure. Metatarsal arterial lines can be placed quickly by surgical cut* 
down under local anesthesia providing the criticalist or surgeon is familiar and 
proficient with the technique. 25 Central venous pressure (CVP) can be helpful 
in managing the patient with pulmonary edema. In the absence of fluid overload 

an elevated CVP can occur with right-sided heart failure, pericardial effusion, 
and right-sided cardiac obstruction such as masses or heartworm disease. Its main 
use, however, is in guiding fluid therapy in these patients. In advanced practices, 
a flow ^guided pulmonary arterial catheter can be used to measure pulmonary 
capillary wedge pressures (an indicator of left atrial pressure) and with special 
thermistor-tipped catheters cardiac output can also be determined, furthermore, 
systemic vascular resistance and O; transport and consumption variables can 

then be calculated allowing intense scrutiny of cardiopulmonary status. In re¬ 
search facilities, these catheters can be used ro calculate extravascular lung water 

(EVLW), a direct measure that can detect fluid accumulation in the lungs prior 

to oxygenation defects and guide fluid therapy. 

In cases where infectious pneumonia or neoplasia are suspected, specimens 
should he obtained for cytology and microbiologic analysis via transtracheal la¬ 
vage, endotracheal lavage, or endobronchial lavage. Edema fluid protein concen- 

tration is lower on average in patients with high-pressure versus increased perme¬ 
ability edema. 27 Importantly, the amount of overlap between groups limits its 
diagnostic utility in specific cases. A negative result does nor rule out the pres¬ 
ence of either disease. Positive bacterial cultures should be viewed in light of 
clinical findings and the possibility of contamination should always be consid¬ 
ered. 


bl< 




Several ancillary tests may be considered depending on the potential disease 
processes present. Pulmonary thromboemlxdism is notoriously difficult to con* 

firm in vivo and is often a diagnosis based on clinical features with documenta¬ 
tion of another disease known to be associated with hypercoagulability such as 
hypcradrenocorticism or proteindosing nephropathy. Pulmonary angiography 

and more recently computered tomographic digital subtraction angiography can 
sometimes he helpful but require advanced expertise and equipment. Coagula¬ 
tion screening is often indicated with increased permeability due to the high 

incidence of coagulopathy with these diseases. Abdominal ultrasound can detect 

pancreatitis, intra-abdominal neoplasia, or potential septic foci. Blood cultures 

and fungal, protozoal, or rickettsial titers may he indicated in certain cases. In 
extremely challenging cases, especially in ventilated animals, lung biopsy may 
be necessary. 
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Treatment of pulmonary edema depends largely on the underlying cause; how¬ 
ever, in all cases 0 2 supplementation must be supplied to allow adequate tissue 
oxygenation. When PaO falls below 60 mm Hg there is a more rapid decline 

in hemoglobin saturation (which is the main determinant of arterial O content) 

and serious tissue hypoxia becomes more likely. Hypoxemic animals that are not 
moving often have sufficient tissue 0 2 delivery to support their major organ sys¬ 
tems; however, increased skeletal muscle O 2 demand due to agitation or restraint 
can be sufficient to precipitate cardiopulmonary arrest. Hence, it is important 

to restrict movement in patients with pulmonary edema especially those with 
concurrent heart disease. 

An O 2 cage provides a quiet, less stressful environment and allows an in¬ 
spired 0 2 concentration up to 100%. Nasal cannulation can be used with moder¬ 
ate hypoxemia when animals will tolerate nasal cannulae or prongs; however, 

placement can be extremely stressful for some patients. When placing a nasal 

cannula with local anesthetics it is important to realize that full desensitization 
can take up to 10 minutes to occur. Artificial positive pressure ventilation is 
necessary in patients in which 0 2 saturation cannot be maintained above 90% 

with noninvasive methods of 0 2 supplementation, in animals with concurrent 

hypoventilation and an PaC0 2 above 50 mm Hg, and in cases where respiratory 
fatigue is a concern. Some evidence suggests that positive end-inspiratory pres¬ 
sure can facilitate edema resolution but this remains controversial. Body position 
can significantly affect arterial 0 2 concentration. In general, gas exchange is best 
in a sternal position; however, in cases with disease that is worse on one side it 
may be necessary to position the animal with that side down. Placing an affected 
animal with the diseased side up can precipitate life-threatening hypoxemia. 

Diuretics, initially administered as furosemide, are the mainstay of treat¬ 
ment in high-pressure edema. Furosemide decreases pulmonary capillary pressure 
and also increases COP. 2 ®* 29 Some evidence also suggests that furosemide also 

increases perfusion to ventilated regions of the lung. In view of the fact that 
h irostatic edema is the force causing fluid extravasation in permeability edema, 

diuretic administration may well be indicated in these cases when hypoxemia 

is life-threatening. Concerns regarding slowing clearance via the mucociliary 

escalator are not really applicable when dealing with a life-threatening situation. 

In humans with heart failure constant rate infusions h ive been shown to be 
more effective in increasing diuresis than bolus administration. 

Vasodilators such as nitroglycerin or nitroprusside are the other main strat¬ 
egy of reducing pulmonary capillary hydrostatic pressure. The main concern with 

administration of’ ’vasodilators is their potential to cause arterial hypotension and 
to worsen ventilation-perfusion mismatching by decreasing hypoxic pulmonary 
vasoconstriction. Nitroglycerin is primarily a venodilator with minimal effects 
on arterial blood pressure at recommended doses and is usually safe; however, 
some authorities have questioned its efficacy. Nitroglycerin is available as a trans¬ 
cutaneous paste and is used somewhat empirically at 1/4 to 2 inches per dog 
(1 inch contains 15 mg nitroglycerin). Nitroprusside is a balanced vasodilator 
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that, because of its short half-life, must be given via a constant rate infusion. 
Because of its potential to cause severe hypotension, it should be used with con¬ 
stant monitoring, ideally of direct arterial pressures. Recent experimental evi¬ 
dence indicates that phosphodiesterase inhibitors and Pj-agonists, especially ter- 

butaline, facilitate reabsorption of fluid from the alveolar space. 
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Restriction of fluid therapy in the patient with pulmonary edema must be 

weighed against t ie potential risks such as compromised renal function and mul¬ 
tiple organ failure. Experimental and clinical studies of fluid therapy with pulmo¬ 
nary edema lean toward the conclusion that prudent fluid restriction is beneficial 

in high-pressure and increased permeability edema. The relative importance of 

the hydrostatic pressure gradient in both forms of pulmonary edema cannot he 

overemphasized. Moreover, when permeability is increased, the hydrostatic pres¬ 
sure gradient may be the main determinant of transvascular fluid flow. Because 
the protective effects of the intravascular colloid osmotic pressure are reduced, 

relatively small rises in pulmonary capillary pressure will result in large increases 
in fluid loss into the lung. Even in normal lungs, the pulmonary endothelium is 
relatively permeable to protein compared to other tissues, 12 and albumin 11 and 

hetastarch 34 equilibrate more rapidly with the interstitial space. If an increase 
in endothelial permeability is sufficient that the majority of colloid molecules 

can pass through the pulmonary capillary endothelium, then colloid therapy may 

worsen pulmonary edema. 11 ' 36 Because of the extremely slow clearance of macro- 
molecules from the alveolar space, tl us increase in edema is even more dangerous. 
Because the increase in permeability cannot be reliably estimated in a clinical 
setting, assessing the response to a test infusion of colloid may be useful. An 

increase in C 1 should be titrated against changes in clinical signs and arterial 

0 2 concentration. If respiratory parameters worsen following colloid administra¬ 
tion this raises the possibility that extra vascular leakage of colloid could be con¬ 
tributing to the deterioration. 

Cautiously increasing intravascular COP by colloid administration can pro¬ 
tect against cardiogenic pulmonary edema 37 providing this is accomplished with¬ 
out increasing pulmonat capillary hydrostatic pressure. Monitoring the gradient 
between pulmonary artery occlusion pressure and 11 JJP has been suggested to be 
useful in the management of pulmonary edema. 

apy with 0 2 , cage rest, diuretics, and \ a® >dilators is successful in many cases 
colloid therapy should only be considered for left heart failure when close super 
vision and invasive hemodynamic monitoring is possible. 
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General statements regarding prognosis with pulmonary edema are meaningless. 

For hydrostatic edema, the prognosis in animals without serious underlying dis¬ 
ease is excellent. In contrast, prognosis in the animal with multisystem disease 
in guarded to poor. Prognosis with cardiogenic edema depends on the severity 

of underlying cardiac disease. Some dogs with mitral insufficiency survive for 
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years, whereas patients with severe dilated cardiomyopathy fail to survive to 

hospital discharge despite intensive care. Severe cases of increased permeability 
edema can be challenging and carry a poor prognosis; however, treatment of 
mild to moderate disease is often successful. Outcome in animals that require 
positive pressure ventilation is poor for two reasons. First, many owners elect 
euthanasia without ventilation and second, even when advanced intensive care 

is provided survival is only of the order of 20%. 
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tion, viral pneumonia is commonly complicated by secondary bacterial invasion, 
making its diagnosis even more difficult. 2 Viral species commonly associated with 

pneumonia in small animals include canine distemper virus, canine adenovirus, 

canine parainfluenza, and feline calici virus. 


2,3 


Fungal pneumonia is common in certain geographic areas of the country 
(t histoplasmosis and blastomycosis are common in the midwest and south' 
eastern river valleys; coccidioidomycosis is common in the southwest). Travel 

history is an essential part of the diagnosis of fungal pneumonia; usually, clinical 

infection develops within 4 to 8 weeks ot exposure. These are systemic fungal 

infections, which start following inhalation of infective spores into the lungs. 
The inhaled spores of dimorphic fungi convert to a yeast at body temperature 
and disseminate to other organs throughout the body (sites of distribution varies 
with the agent involved). 


3 


Aspiration of liquid or particulate matter into the lower respiratory tract 
may lead to pneumonia. A history of vomiting or regurgitation followed by respi¬ 
ratory distress shortly afterwards is typical of aspiration into the lower airways. 11 

Animals with megaesophagus and larvngeal disease are at increased risk for aspi¬ 
ration pneumonia. 511 Aspiration may not be observed in these patients, but it 
is wise to have a high index of suspicion. Infection may develop immediately as 
the result of contaminated material within the airway or later because of impaired 
pulmonary defense mi\ hanisms. 11 The full extent of radiographic changes usually 

lags behind the aspiration incident hy 24 to hours. Radiographic abnormalities 

due to aspiration pneumonia classically involve dependent (i.e., right middle, 
left and right cranial) lung lobes. 11 

Hypoxemia is a common finding in animals with aspiration pneumonia and 
can be caused by airway obstruction by particulate matter or secondary derange¬ 
ment of normal gas exchange mechanisms as outlined in this section. 5 * 11 Aspira¬ 
tion of gastric contents with pH <2.5 causes alveolar collapse, bronchoconstric- 

tion, edema, hypotension, and ventilation/perfusion mismatch, all ot which can 
result in clinical hypoxemia 12 ; aspiration of moderate amounts of gastric acid 

(>3 ml/kg) is usually fatal. 12 Epithelial necrosis caused by aspirated gastric acid 

leads to capillary leakage and edema, both of which fun her impair oxygen ex¬ 
change. 11 Acids are diluted by airway secretions, alleviating the need for neutral¬ 
ization by solutions with a basic pH. 5 Bronchoalveolar lavage is contraindicated 
unless performed immediately after aspiration because it may lead to alveolar 
collapse secondary to surfactant dilution and result in worsening of respiratory 

signs. 5,1011 In the few cases in which bronchoalveolar lavage is indicated, sterile 

saline is recommended as tHe lavage solution. 1,10,11 Bronchoscopy is useful in ani¬ 
mals in which removal of particulate matter is needed to resolve airway obstruc¬ 
tion. 


10 
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Mechanisms by which smoke inhalation can cause pneumonia include heat 

and chemical injuries to the respiratory tract. 




Inhalation of soot and superheated particles results in upper airway dam- 
Thermal injuries are usually confined to the larynx and supralaryngeal 




age. 

airways because of die efficient heat dissipation of the upper airways. 3,13 Indicators 
of airway injury due to heat include the presence of facial and oral bums, wheez- 
m^, voice change, and carbon containing sputum.The in halation of vaporized 
liquids in the form of steam, containing particles small enough to bypass the 
upper airways, is required to injure the lower airways. 3,13 Retrospective studies of 

smoke inhalation in dogs and cats show survival rates between 70% and 90%. 
Animals with smoke inhalation that had no respiratory abnormalities on initial 

examination were not likely to develop any during the subsequent hospital 
stay. 13,14 In the same study, all dogs (7/7) with respiratory signs that progressed 

after examination died or were euthanized. 11 


13,14 




Carbon monoxide poisoning results in hypoxia due to carbon monoxide’s 
potent affinity for hemoglobin. A cherry red appearance to the mucous mem- 

branes and >kin is a common clinical sign of COHb poisoning. A definitive 

diagnosis of COHb poisoning cannot be made by blood gas analysis or oxygen 
saturation measurement; specific measurement of the COHb concentration 

must be made to diagnose this poisoning. Clinical signs of COHb intoxication 

can be seen with blood concentrations as low as 10% to 20%. Treatment of 

t 1 :1b poisoning consists of administration of 100% oxygen, which improves 

blood oxygen content and decreases half-life of COHb to approximately 30 min¬ 
utes. 


10 


Smoke poisoning results from the release of toxic byproducts of burned ma¬ 
terials.* Irritation and inflammation of respiratory epithelium can result from 

inhalation of smoke containing such chemicals as aldehydes, ammonia, oxides 

of sulfur, acrolein, and nitrogen. 10,13 Some burned plastics produce large amounts 

of benzene, which has anesthetic action and may facilitate the passage of acids 
and alkali deeper into the respiratory tract, 10 Smoke can also poison alveolar 
macrop iages, impairing their function and potentially contributing to the onset 
of bacterial infection in some patients. 
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Pulmonary infiltrates with eosinophils and allergic or hypersensitivit, pneu¬ 
monia are discussed in the chapter entitled “Allergic Airway Disease" (Chapter 

39). 
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Numerous clinical syndromes put animals at risk for pneumonic diseases. 

Hie proximity of the upper airway to the proximal aspect of the gastrointestinal 

tract make pneumonia an important concern in animals with diseases such as 

megaesophagus, laryngeal paralysis, any pharyngeal dysfunction, and severe den¬ 
tal disease. In addition, animals undergoing corrective procedures such as laryn¬ 
geal tieback and tracheostomy are at increased risk tor aspiration pneumonia. 

Brachycephalic airway syndrome dogs otten have difficulty eating (because of 
airway obstruction and marked inspiratory pressure while breathing) and fre¬ 
quently are dysphagic; these dogs have an increased risk of developing chronic 
airway disease and subsequent pneumonia. 

Postoperative and heavily sedated patients often have an impaired gag reflex 

making them susceptible to aspiration and subsequent pneumonia. In addition 

to anest tetized patients, those suffering from neuromuscular blockade or paralysis 

(e.g., those with botulism, tick paralysis, or Coonhound paralysis) may develop 
an impaired gag reflex and require ventilatory assistance. Providing ventilatory 
assistance increases the chance that oropharyngeal flora will be transported to 
the lower airways and result in airway colonization. Invasive devices such as 

intravenous catheters and urinary catheters that bypass normal protective mech¬ 
anisms also increase the risk of systemic infection and subsequent pneumonia. 15 






Because of their potential for suppressing host defenses, systemic metabolic 
conditions (e.g., diabetes mellitus, hyperadrenocorticistn, and uremia), viral in¬ 
fection (e.g., feline leukemia virus and feline immunodeficiency virus infec¬ 
tions), trauma (e.g., pulmonary contusions), and parasitic infestation may also 
be considered predisposing causes of pneumonia. 

Very young and very old animals as well as those suffering from malnutrition 
are commonly considered populations at risk for development of pneumonia. 2 
Malnutrition has profound adverse effects on systemic and pulmonary defense 

mechanisms. Protein-calorie malnutrition specifically impairs macrophage re¬ 
cruitment to the lungs in response to organisms whose clearance requires normal 

cell mediated immunity. 

Diseases including ciliary dyskinesia and IgA deficiency, which impair the 

removal of airway pathogens, also put animals in this at-risk group for the devel¬ 
opment of pneumonia. 2 Immunosuppressed animals (e.g., those on corticoste¬ 
roids or chemotherapy) have impaired pulmonary defense mechanisms and are 

more susceptible to respiratory tract infection. 2 


16 






Animals with chronic airway disease frequently have excessive respiratory 
tract secretions and some degree of airway obstruction, both ot which alter local 
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defense mechanisms and increase the risk of bacterial colonization and infec 
t ion 
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A review of 42 Jog 1 ? with confirmed bronchopneumonia found that no sirvjl 

clinical finding was pathognomonic for the diagnosis of bacterial pneumonia. 

Less than 50% of dogs with confirmed bacterial pneumonia had fever on initial 

examination. 7 Common clinical findings in animals wi:h bacterial pneumonia 
include dehydration, anorexia, lethargy, exercise intolerance, cough, and nasal 

discharge. 7 More severely affected animals may have respiratory distress and a 

restrictive breathing pattern (rapid and shallow respirations) on examination. 

1 )rthopnea and c anosis may he seen in severely affected animals 
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A complete history can be helpful in diagnosing pneumonia. Pertinent his¬ 
torical information includes any exposure to other animals, recent travel, current 

medications, smoke or chemical exposure, as well as any history of vomiting or 
procedures requiring anesthesia. It is also important to quiz owners on subtle 
changes in their pet’s attitude, voice, appetite, or history of coughing. 
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The following abnormalities may be associated with pneumonia: excess se 
cretions, severe dental or tonsillar disease, masses, an abnormal gag reflex 
the fir, mg of foreign material or gastric contents. 






Tracheal palpation can be used to elicit a cough and confirm epithelial 
irritation. Pneumonia is most often associated with excessive secretions and a 

moist or productive cough 
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Abnormal lungs sounds have been reported to be the most consistent physi¬ 
cal examination finding in dogs with confirmed bronchopnuemonia. 7 Classically, 
these patients have increased bronchovesicular sounds as well as crackles and 
wheezing.* The lack of normal or abnormal sounds may indicate complete con¬ 
solidation of that area of lung.* Percussion of consolidated areas of lung elicits 

;i low-pitched or dull sound 
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Thoracic radiographs are key in diagnosing pneumonia. Caution should be 
used when raking radiographs of patients in respiratory distress. Acute respiratory 
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distress can occur when these animals are positioned for thoracic radiographs. 
Supplemental oxygen and used of standing lateral or dorsoventral views may 
prevent respiratory decompensation. Three views (L and R latent and 
ventrodorsal/dorsoventral) of the thorax are recommended in order to examine 
all lung fields and improve the recognition of small lesions. Radiographic findings 
vary in animals with pneumonia and can change depending on the etiologic 
agent. In animals with acute pneumonia, the appearance of radiographic abnor- 

malities may be delayed, and radiographs should be repeated every 24 to 48 hours 

to monitor disease progress ion. 1 - 11 T ypical radiographic findings based on the type 

c if pneumonia are given in Tabic 41-1. 
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Blood culture and evaluation of the clotting cascade should be performed 
in patients in which severe sepsis is a concern. 
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Arterial blood gases can be used to monitor disease progression and the 

response to therapeutics. 1 In a comparison of blood gas samples from 62 dogs 
with culture-confirmed bacterial pneumonia with samples from 46 clinically nor¬ 
mal dogs, significantly low partial pressure of oxygen (Pa0 2 ) and low oxygen 
saturation (Sa0 2 ) values with high alveolar-arterial gradients were found in 
pneumonic dogs. 8 Although respiratory acidosis (hypoventilation, high PaC0 2 

value) was not diagnosed in any of these patients, it has been suggested that this 
is a grave prognostic indicator. 1 


Bacterial 


Mixed patterns may 
Air bronchograms 

Alveolar infiltrates, from patchy to lobar consolidation 

Pleural effusion uncommon 

Fungal 

Generalized miliary, nodular, or interstitial pattern 

Hilar lymphadenopathy 

Solitary granuloma or lobar consolidation less common 
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Classically located in dependent lung lobes, i.e., right middle and left and 

right cranial 

Patterns similar to those of bacterial pneumonia 

Inhalation 1314 

Patterns commonly 
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include alveolar, interstitial, and bronchial patterns 
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Bronchoalveolar lavage (BAL) is currently considered the best method of 

17.1119 


obtaining samples from the deep lung, 
ported in BAL and transtracheal wash (TTW) samples simultaneously obtained 

from the same patients. 20 In general, TTW samples contain fewer cells than 
BAL samples. 20 There is also a difference in the normal cell distribution between 
samples obtained by the two techniques: normal TTW samples have few alveo- 
lar macrophages, many polymorphonuclear cells, and some epithelial cells, 

whereas normal BAL samples contain predominantly macrophages and fewer 

numbers of the other cells. The differing cytologic content of these two methods 

is thought to be a function of different sites of collection: TTW collects cells 

itom the large airways and BAL from the small airways, alveoli, and intersti- 


Cytologic differences have been re 
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Cytologic examination of BAL samples from clinically normal animals 

should reveal primarily undifferentiated alveolar macrophages (80%-90%) and 

a mixed population of other nucleated cells (10%—20%). 19 It has been reported 

that >2 intracellular bacteria observed in any of 50 high power (100X) micro¬ 
scopic fields during examination of BAL samples is considered the threshold for 

airway infection . 18 In addition to bacteria, high numbers of degenerate neutro¬ 
phils are commonly encountered in samples from animals with bacterial pneu- 

. * 19 

monia. 


Organisms may be identified in samples obtained from animals with my¬ 
cotic pneumonia, and cellular responses induced by different organisms may 

vary. Samples from animals with blastomycosis and coccidiomycosis are gener¬ 
ally characterized by a purulent to pyogranulomatous response containing 

equal numbers of neutrophils and macrophages. Cytologic findings of a granu¬ 
lomatous reaction with a predominate macrophage/epithelial cell population is 
considered consistent with histoplasmosis. 19 Since normal BAL samples con¬ 
tain large numbers of macrophages, care must be taken to nor over-interpret 

cytologic findings as indicating a pyogranulomatous response. Eosinophils are 

the predominant cell type seen in animals with parasitic or allergic pneu¬ 
monia. 
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Gram staining is an essential cytologic evaluation component of samples 
obtained from the respiratory tract. Gram stain results are useful in selecting an 

antibiotic before culture and sensitivity test results are completed. On the basis 
of data from multiple studies, assumptions of pathogenic bacterial organisms can 
be made. In general, Gram-positive cocci should be considered to be Staphylococ¬ 
cus spp or Streptococcus spp. 5 Gram-negative rods (most commonly, E co/t) have 

been reported to be the most common bacterial isolates cultured from dogs with 
bacterial pneumonia. 


2,4,5,6,7,8,18 
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Lower airway culture of healthy dogs is reported to be positive 40% to 50% 

of the time. 2 Qxumtitative culture appears to be necessary to differentiate normal 
airway flora (bacterial colonization ) from true airway infection. 18 Quantitative 

culture containing >1.7 X 10 3 colony-forming units has been shown to be con¬ 
sistent with respiratory tract infection in dogs. 18 Contamination of lung samples 

with oral flora must be avoided when cultures are being performed. Techniques 
that bypass the oral cavity and its flora include IT W, BAL, lung aspirate, and 

use of guarded culture swabs. Transthoracic needle aspiration has been reported 
ro 1 c associated with high rates o\ complication and mortality, and the method 
only samples a localized area of lung. Thus, this procedure should be considered 
only is a last resort. 
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The deep fungal pneumonias (e.g,, histoplasmosis, blastomycosis, and coc- 

cidiomycosis) often elicit a systemic response and may produce positive serologic 
findings. Unfortunately, serologic testing is not reliable and should be used as a 

piece of the diagnostic puzzle and not as a definitive test for establishing a 

diagnosis. 
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I racheobronchial secretions are approximately ^ u o water. Dehydration in- 

creases the viscosity of secretions and their retention in the lower airways and 

often promotes ventilation perfusion abnormalities. 3,10 Systemic hydration is an 
important part of treating bacterial pneumonia in small animals. Selection of 
fluid r\|*e and rate depends on individual 

Malnutrition has been shown to alter pulmonary defense mechanisms, re¬ 
sulting in impaired pulmonary macrophage activity and diminished clearance of 
organisms and foreign material. 2 Proper nutrition should not be overlooked but 
is addressed in Chapter 15. 


characteristics. 
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As might be expected, dogs with bacterial pneumonia have been shown to 
have significantly low PaO and SaOj values and a significantly high alveolar 
arterial gradient. 8 These findings indicate that hypoxemia is an important clini¬ 
cal problem in pneumonic dogs, most likely because of ventilation-perfusion mis- 
matching 




Supplemental oxygen is indicated in patients with PaO> < 60 mmHg or 
SaO; <90%. 2 Oxygen supplementation should also be considered in tachypneic 
patients and those in respiratory distress. 2 Methods of oxygen supplementation 

are discussed in Chapter 12. 
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Pending results of culture and sensitivity testing, bacteriocidal antibiotics, 
particularly those with a good Gram-negative spectrum, should be administered. 
Thayer et al. found that treatment based on sensitivity test results achieved clini¬ 
cal resolution in 69% of canine patients versus 54% in patients treated empiri¬ 
cally. 7 Orally administered antibiotics may need to be continued for extended 
periods of time (4-6 weeks after discharge). 2,10,22 The decision to discontinue anti¬ 
biotic therapy should be based on resolution of radiographic and clinical signs. 
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Aerosol therapy has been used in pneumonic dogs to decrease the viscosity 

of secretions and improve mucociliary clearance. Sterile saline is the only recom¬ 
mended fluid for use in patients being nebulized. 2 3,10 Ultrasonic nebulizers pro¬ 
ducing particles that range between 0.5 and 3.0 um in size (mass median diame¬ 
ter) are necessary to ensure that fluid particles bypass the upper airways and are 

deposited distal to the larynx. 2 - 3 Nebulization is performed by placing the patient 

in a sealed cage for 30 to 45 minutes 3 to 4 times daily. 2 * 3 Potential complications 

associated with cage nebulization include overhydration and overheating in very 
small patients as well as bacterial contamination secondary to equipment con¬ 
tamination. 3 Nebulization of antibiotics, mucolytics, or other drugs into these 
cages is not recommended. Studies show that nebulized antibiotics have not 
improved efficacy over systemically administered antibiotics. 
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Coupage (firm hand clapping on the lateral aspects of the thoracic cage) 
is a form of chest wall percussion that serves to induce coughing and improve 

clearance of secretions. Physiotherapy should always be used following aerosol 
therapy. ( >upage should he performed 'or 5 to 10 minutes, three to four times 

daily. Mild to moderate exercise (within limits of pulmonary reserve) also facili¬ 
tates clearance of secretions from the lower airways and is an important part of 

physiotherapy in these patients. 
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Intermittent positive pressure breathing (IPPB) has been used in the au¬ 
thors' practice in attempt to open collapsed and plugt d airways and further 
improve secretion clearance. In addition to opening blocked airways, IPPB im¬ 
proves pulmonary compliance by re-establishing ventilation to atelectatic areas 

and begins to address ventilation-perfusion abnormalities and hypoxemia. 23 In 
termittent positive pressure breathing can be performed in awake, medium- and 

large-breed dogs with a ventilator (e.£., Bird 7 or 8) in the pressure support 

mode and a tight-fitting face mask such as a Hall’s anesthesia mask (Jorgensen 

Laboratories, 1450 Van Buren Ave, Loveland, CO 80538). Intermittent positive 
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pressure breathing should be performed for 5 to 10 minutes, three to four times 
daily with inspiratory pressure set to approximately 15 cm H 2 O. Performing IPPB 
in conjunction with nebulization and coupage improves efficacy of these treat* 

ment modalities. 
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While Amphotericin B remains the “gold standard” antifungal drug 

formulations of amphotericin (e.g., liposome associated, Abelcet) have proven 
sate (le^s nephrotoxic) and effective in the treatment of systemic t ingal disease 
in dogs.' 4 


newer 


The treatment of systemic fungal infection has been improved by two new 
imidazole drugs: itraconazole and fluconazole. The imidazoles are not only efti- 
cacious against many mycotic infections, but they have few serious side effects 

and can be given orally. The most common side effects of the imidazoles include 

anorexia and hepatoxicosis. The introduction of imidazoles has made the indica¬ 
tion for use of regular Amphotericin B extremely rare. 

Itraconizolc appears to be the treatment of choice for blastomycosis and 
histoplasmosis. Dogs with severe lung involvement should be treated for at least 

90 days. Relapse occurs in about 25% of patients regardless of treatment. While 

antik ly titers appear to helpful in monitoring response of coccidiomycosis 

to treatment, they do not provide such information in animals with histoplasmo¬ 
sis t»r blastomycosis. 
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^ung lobectomy has b een suggested as a treatment for pneumonia in pa¬ 
tients that are unresponsive to medical therapy. Murphy et al. reported on 59 
dogs and 5 cats over a 22-year period. This study showed a resolution rate of 
54% in dogs and 100% in cats. Localized pneumonia caused by foreign body was 

more likely to resolve after surgery compared with fungal or bacterial pneumo¬ 
nia.Twenty-five percent of the surgical lobectomy in dogs survived lobectomy 
but failed to resolve their pneumonia; 20% of the patients died in the immediate 

postoperative period. Dogs with multiple lobes resected had a higher risk of com¬ 
plication and death. Dogs undergoing lobectomy during the first 10 years of the 
study had a significantly higher risk of postoperative death and failure to resolve 

pneumonia. Improved survival rates in the second 10 years of the study can be 

attributed to evolving critical care techniques and development of new antibi¬ 
otics. 


A favorable prognosis can be given to those patients that show improvement in 

respirato v function within 24 to 72 lours of beginning appropriate antibiotic 
therapy and those who have evidence of improvement on thoracic radiographs 

and arterial bloodgases. 22 A poor prognosis is given in those animals that have 

antibiotic resistant organisms cultured, underlying disease that can not be re- 
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solved (e.g. , laryngeal paralysis, megaesophagus), the presence of concurrent dis 
ease (e.g., fungal and viral infection, neoplasia), and hypercarbia on initial exam 

ination. 
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Figure 42-1 

Lateral radiograph of pneumothorax. 


these images. Limit unnecessary manipulation or handling of the animal during 

radiographic examination and have oxygen supplementation readily available. 

Typical radiographic signs of pneumothorax on lateral views include eleva¬ 
tion of the cardiac silhouette away from the sternum, visualization and retraction 

of visceral pleural margins away from the thoracic wall, and increased lung lobe 
opacity due to atelectasis (Fig. 42-1 ). 5 The use of horizontal beam is usually not 
necessary to identity pneumothorax because small volumes of air seen only on 

this view would be unlikely to cause significant clinical signs. 


The goal of treatment for traumatic pneumothorax is to remove the extra- 
pulmonary, intrapleural air to allow reexpmsion of the lungs. If the animal shows 
respiratory distress and tachypnea to any degree, or it a tension pneumothorax 

has been identified, thoracocentesis is indicated. This is performed by using a 
20- to 22-gauge needle that is connected to an extension set, three-way stopcock, 

and 60-mL syringe. Tie needle is inserted cranial to the 8th to 0th rib at a 

45° angle with the hevel facing the thoracic wall. The needle is inserted > lowly 
and an assistant aspirates with 5 to 10 mL of pressure. Always aspirate both sides 

of the thorax. If air retrieval is continuous or if the animal requires multiple 

aspirations to alleviate clinical signs, a thoracostomy tube is indicated. 

Position of the thoracostomy is critical is ensure removal of air. The tube 
is placed in the dorsal third of the thorax and then connected to a continuous 
evacuation system. Frequent intermittent evacuation may be effective; however, 

continuous evacuation is preferred to permit complete lung expansion and to 
achieve contact between the visceral and parietal pleural surfaces. 5 Also observ¬ 
ing the underwater seal in the closed system more accur itely assesses the rate 
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Auscultation of patients with hemothorax reveals muffled heart and lung 
sounds. A fluid-gas interface may be identified if concurrent pneumothorax is 

also present. Thoracocentesis is the diagnostic tool of choice because these anb 

mals are often too unstable to allow radiographic examination. Blood in the 

thoracic cavity is quickly defibrinated by the constant motion of the lungs and 

therefore will not clot after aspiration, although subacute massive hemorrhage 
may clot because the blood is accumulating too rapidly. The packed cell volume 
of the aspirated fluid is typically equal to or above the animal’s peripheral packed 

cell volume. 
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Small amounts of thoracic hemorrhage are clinically insignificant. However, 
more significant hemorrh.i ;e requires aggressive treatment. Drainage < t r'he pleural 
cavity is jierformed throu; ; a thoracostomy tube placement because needle aspiration 
will not drain die pleural space fast enough arid the bkx J may clot within the 
needle if there is peracute hemorrhage. Volume replacement must be instituted to 

address hypovolemic shock. Transfusion is indicated if greater than 20 to 30 mL 

blood per kilogram is retrieved from the chest and if the packed cell drops acutely 
below 20%.' If hemothorax is a result of trauma, autotransfusion is a reasonable 

treatment option, especially if blood products are in short supply or not readily 

available. Although there are several methods of autotransfusion, direct aspiration 
and rein usion is most appropriate in an emergency situation (Chapter 14).' 

Exploratory thoracotomy is rarely indicated for hemothorax because the 
source of hemorrhage is rarely found or the animal is too unstable to survive the 
procedure. However, if t ie animal is not responsive to replacement therapy or if 
intrathoracic blood loss is continuous, surgery may be the only treatment option. 
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The pressure gradient across the diaphragm at the time of trauma dictates 

the nature of thoracic injury. If abdominal pressure is greater than thoracic 

diaphragmatic tear results. It has been classically thought that herniation occurs 

if the glottis is open at impact. A more balanced gradient across the diaphragm 

with a closed glottis places stress on the lung parenchyma resulting in a pneumo- 
thorax.* However, both pneumothorax and diaphragmatic herniation can occur 

simultaneously. 

Diaphragmatic tears typically occur through the muscular portion, which 
is the weakest part of the diaphragm. The location of the diaphragmatic tear 
depends on the location of the viscera at the time of injury; the area least pro¬ 
tected by abdominal organs is typically the area that ruptures. Abdominal organ 

displacement into the thoracic cavity depends on the location and size of the 
tear. Almost any organ can herniate, although the liver is the most frequent 

followed by the small intestine, stomach, and spleen. 
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Gastric herniation is a surgical emergenc because these animals are at risk for 
acute gastric distention ant severe respiratory compromise. 
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The goals of surgery are to reduce the herniated organs back into the abdom¬ 
inal cavity, examine the organs for any vascular compromise or perforation, and 
repair the diaphragmatic defect. Occasionally the diaphragmatic tear needs to 

be enlarged or the incision extended cranially through die sternum to allow 
reduction of abdominal contents and improve visualization. Tears are sutured 

from dorsal to ventral using a nonabsorbable monofilament suture in a simple 
continuous partem. Use care when suturing near the caval, esophageal, or aortic 

foramina. If the diaphragm has been avulsed from its thoracic wall insertions, 

incorporate the ribs into the closure. Defects too large to close are rarely encoun¬ 
tered; however, if faced with this situation autogenous flaps or synthetic implants 
may be used. 11 Autogenous flaps include a sliding transverse abdominus flap or 

an omental pedicle flap. Examples of synthetic materials include polypropylene 
mesh and Silastic sheeting. Following repair of the diaphragm, air is removed 

from the thoracic cavity by needle thoracocentesis or placement of a thoracos¬ 
tomy tube. Thoracic drainage is indicated if concurrent pneumothorax or pleural 

effusion was present. 






Tii.e most serious complication associated with surgical repair of diaphrag¬ 
matic hernias is re-expansion pulmonary edema, which follows rapid reinflation 

of atelectatic lungs. Pulmonary edema occurs as capillary integrity has been altered 
due to an anoxic environment in the atelectatic lung. Reperfusion of damaged 
vessels directs fluid into the interstitium. This is most commonly associated with 
chronic herniation or cats. One possible way to prevent this situation is to avoid 

positive pressure lung expansion during anesthesia and allow gradual reinflation 
of the lungs. Other less common complications include pneumothorax, hemotho- 

liver lobe necrosis, gastrointestinal vascular compromise, and re herniation. 
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If the animal survives for the first 12 to 24 hours postoperatively, the prog¬ 
nosis is very good. Reported survival rates range from 80% to 90% following 
surgical correction. 8,12 Deaths are usually due to concurrent injury or pulmonary 
edema 
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Rib fractures occur in 25% of veterinary trauma patients. 1 Considerable 
force is required to fracture the ribs or sternum due to the inherent resiliency 
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Figure 42-5 

Lateral radiograph of flail chest 


Pneumothorax, hemothorax, and pulmonary contusions may accompany 
flail chest and respiratory difficulty may he severe. Respiratory abnormalities are 
due to hypoventilation from pain and accumulation of air or fluid in the pleural 
cavity as well as concurrent thoracic injuries. 


Flail chest is apparent on presentation. However, 
thoracic radiographs must be performed to determine the extent of damage and 


once the animal is stable 


t 
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terize the severity ot hypoxemia associated with hypoventilation. 


On initial presentation the animal should he placed on the side of the flail 

segment. This reduces the motion of the ffee4loating chest wall, which mini 

mizes pain and avoids further damage to underlying structures. Stabilization of 
the flail segment is controversial. Some feel that the flail segment contributes 

little to the animal’s respiratory difficulties and that stabilization of the segment 
is unnecessary 

patient through oxygen administration, fluid therapy, pain management 
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significantly reduces pain, thereby improving thoracic wall excursion and venti 

lation. The treatment of choice in human medicine for patients with pulmonary 

contusion and flail chest is mechanical ventilation. 16 Assisted ventilation results 
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Correction of hypovolemia, anemia, hypoxemia, and electrolyte abnormali¬ 
ties often causes cardiac dysrrhythmias to spontaneously resolve* These issues 

should all be addressed before initiating antiarrhythmic treatment. Some antiar- 

rhythmic agents art* arrhyd tmogenic and cause myocardial depression; therefore, 
treatment should be begun only when necessary based on the ECG, blood pres¬ 
sure, and clinical status of the patient. Antiarrhythmic therapy should be consid¬ 
ered in animals with supraventricular tachycardia that do not respond to vagal 

maneuvers. Intravenous administration of calcium channel blockers or p- 

blockers can be used. Esmolol (0.05-0.1 mg/kg q 5 min; maximum dose of 0.5 

nig/kg) is an extremely short-acting p-blocker that can determine the response 

of the dysrrh thmia to [1-blockers in general. 19 If conversion does not occur, 

diltiazem can be administered in IV boluses every 15 minutes (0.25 mg/kg; maxi¬ 
mum dose of 0.75 mg/kg). 19 Propanolol and verapamil are other alternatives tor 

treatment of supraventricular tachycardia. 

Ventricular disturbances seldom require antiar rhythmic therapy and resolve 
spontaneously within a few days. However, treatment is usually recommended 

when clinical signs are apparent or there is significant tienu ivnamic alteration. 

Other indications include sustained ventricular tachycardia greater than 20 sec¬ 
onds and presence of multifocal or R-on-T complexes. Treatment is begun with 
an IV bolus of lidocaine (2 mg/kg). This can be repeated; however, if this is 

necessary a continuous rate infusion of lidocaine is indicated (40 |ig/kg/min to 

SO Hg/kg/min ). 18 If lidocaine is ineffective, procainamide can he administered 

intravenously or intramuscularly and can be continued orally if necessary when 
the animal leaves the hospital. 
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For the mtensivist, a txitients inability to maintain thermoregulation is a valuable 

marker of an often potentially life - threatening condition . 

Michael L Ault* 


Development of fever in a GCU patient often signals a serious adverse change 
in that patient's condition. Clinicians often launch extensive (and expensive) 

diagnostic procedures to define the source of a fever, and sometimes begin empiri¬ 
cal therapeutic measures to correct the cause of the fever—actions that may 

carry additional risk to the patient. 

An elevated body temperature is fundamentally a clinical sign reflecting 

the presence of either fever or hyperthermia. Fever may signal development or 

progression of an underlying patient problem. Hyperthermia usually reflects ex¬ 
ternal environmental factors that affect the patient. Both conditions require 
prompt attention. The job ot the intensivist is to differentiate between hyper¬ 
thermia and fever, identify the cause of the elevated temperature, and manage 
the patient with appropriate intervention, if any, directed to the cause of the 
temperature change. This chapter discusses the common causes of a new fever 
in a CCU patient (one that develops >48 hours after a patient has been admitted 
ro a hospital), 2 and presents an approach for evaluating a patient with a new 
fever. 




Several excellent reviews of thermoregulation are available. 5 Briefly, body tem¬ 
perature is closely controlled in the hypothalamic thermoregulatory center, 
wherein a “set point" exists that regulates body temperature at a relatively fixed 

level—for dogs and cats, at about 38.3°C (101°F). 

fluctuates less than 2°F during the day. Most clinicians define an elevated body 
temperature in the dog and cat as any measured temperature of 39. P (102.5°F) 

or above. Core body temperature is the temperature measured in the pulmonary 

artery, which requires "pecialized catheters, and is considered most accurate. 

More common measurement sites in dogs and cats are the rectum and aural 
tympanic membrane. Some debate exists over the accuracy of rectal and ear 
tympanic temperature measurements compared to core temperature. However, 
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it is more important in the OCU to standardize what is considered an abnormally 
increased temperature, rather than debate accuracy of measurement sites. All of 
these methods are considered clinically accurate if properly performed, although 
core and rectal measurements are considered better measures of true internal 

temperature. Every CCU staff member must know what constitutes an abnormal 

temperature for optimal patient management (Table 4Vi). 
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Hyperthermia is an elevated body temperature secondary to an imbalance 

between heat production (resulting from impaired heat loss, increased metabolic 

rate, of increased muscular activity) and heat loss, ’n hyperthermia, the patient 

produces a heat load that it is unable to handle with inherent physiologic cooling 

mechanisms, thus, the “set point” remains normal; the abilit to regulate body 
temperature is lost. The most common causes of hyperthermia in CCU patients 

include enclosure in humid, poorly ventilated, heated oxygen cages; prolonged 
use of external warming devices; seizures and intense muscular activity, clinical 

brachycephalic syndrome or laryngeal paralysis; and select metabolic disorders 

(e.g. t hyperthyroidism, malignant hyperthermiadike sy drome). 

True fever results when endogenous or exogenous pyrogens act to “reset 

the hypothalamic set point to a higher level. Internal processes then act to inten 

tionally increase core body temperature, resulting in fever. The balance between 

heat production and heat loss is conserved during fever; the ability to regulate 
IxxJy temperature is retained. Although the mechanisms by which fever is in¬ 
duced vary, all result from internal production of or exposure to pyrogens. 
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Fever represents a hallmark sign of the body’s response to inflammation— 
fever does not conclusively prove the presence of infection! Extensive research 
in the last decade has markedly advanced our understanding of the underlying 

pathophysiology of the systemic inflammatory response system (SIRS) in people 

of which fever is a defining criteria. In SIRS, tissue injury or 

inflammation induced by infection and many other causes results in generation 
of numerous pyrogens that bind to vascular endothelial receptors in the hypo- 

thalamus and increase production of specific prostaglandins (e.g., prostaglandins 
Ei and E;), which elicit a febrile response. 7 Fever does not develop in every 

patient with SIRS, and the degree of febrile response is not related to the severity 

of the underlying cause. 
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Generali', hyperthermia is considered a true emergency because extremely 
high body temperatures can develop—often 4l.7°C (106°F) or higher—and 

specific measures are recommended to reduce the core temperature. Even 
with proper therapy, rapid irreversible tissue injury and patient death may result. 
Severe complications such as coma, disseminated intravascular coagulation, 
multiple organ failure, and decompensatory shock are common in patients 

with severe hyperthermia. In contrast, febrile patients seldom die or develop 

severe complications as a direct result of their fever. However, fever markedly 

reduces appetite and activity and can make management of critically ill or 

injured patients even more difficult because of its potent effects on nutritional 
intake and patient mobility and morbidity. Though not conclusively proven 

it is generally believed that fever is a beneficial or protective host adaptation 

to inflammation. Proposed positive benefits of fever include increased neutrophil 

and lymphocyte activation and migration, enhanced release of proteolytic 

enzymes t om lysosomes, enhanced interferon production, direct inhibition of 
some viral and bacterial agents, and decreased availability of serum iron used by 
some bacteria to proliferate. 4 Some studies have shown that febrile critically 

ill patients with systemic infections had better survival than afebrile patients, 
suggesting a positive role of fever against some infectious disease processes. Con¬ 
versely, negative factors attributed to fever include increased metabolism, in¬ 
creased endotoxin activity at higher body temperatures, and clinical deteriora¬ 
tion in patients with fever and infections caused by certain clostridial, 
streptococcal, and pneumococcal organisms compared to afebrile patients with 
similar infections. 
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New fever in CCU patients has many possible causes, t he most c ommon of whicl 

include infection, neoplasia and paraneoplastic syndromes, tissue inflammation 

and injury, drugs, and immune-mediated diseases (Table 41-2). 
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The prevalence of infection in critically ill patients means that an infec- 
tion must always be sought, but complex critically ill patients are prone to many 
illnesses and complications that can cause fever in the absence of infection. 
Fever is due to noninfectious causes in 26% to 31% of people in CCUs. 1214 The 
incidence of noninfectious fever in veterinary patients is likely similar. Tissue 
ischemia and inflammation as part of the SIRS phenomenon, hemorrhage into 

confined spaces, transfusion and drug reactions, lung atelectasis, aspiration 

pneumonitis, and certain endocrinoparhies are common noninfectious causes 

of i new fever in CCU patients. Tissue ischemia (e.g., pulmonary or aortic 
thromboembolism, bowel infarct, crush injury), generalized inflammation (e.g., 
vasculitis), hemorrhage into confined spaces (e.g., retroperitoneal space, brain 
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Maintain and carefully monitor fluid balance 


k j 


focus on patient comfort, nutritional intake, and concurrent di 
Surface cooling techniques (cautious use of fans, remove external heat 

sources—may actually increase patient discomfort and temperature fluctua¬ 
tions as body attempts to return temperature to higher level). 

Antipyretic drugs*—Advised for fever >41.1°C (106°f); use clinical judgment 
for persistent symptomatic fevers >40°C (104°F): 

Aspirin—10 mg/kg q 8-12 h PO for dogs; 10 mg/kg q 48 h PO for cats 
Acetaminophen—10-15 mg/kg q 8-12 h PO for 
Ketoprofen—2 mg/kg SO, IM, IV, PO initially, then 1 mg/kg q 24 h PO for 

dogs and cats for subsequent doses 

Carprofen—2.2 mg/kg q 12 h PO for dogs 

Etodolac—10*15 mg/kg q 24 h PO for dogs 

Continue thorough monitoring for response to therapy and identification of 

cause of fever and development of complications. 


M 


L j 


r 1 


n 


L j 


NOT for cats 
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os; $Q, subcutaneously; IM, intramuscularly; IV, intravenously. 
Clinicians must understand potential side effects and complications of these drugs 
fore clinical use, especially in critically HI patients with concurrent di 

implications of these drugs. 
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cion is welcomed. Glucocorticoids may mask a new or persistent fever and may 
increase the immunoincompetence of the patient, so judicious use is strongly 
advised. Use of drugs to reduce fever is controversial, and careful patient assess- 

ment is required. Although most clinicians probably permit a mild-to-mt lerate 

lever to persist rather than use drugs to reduce the fever, some merit is evident in 

improving overall patient comfort, nutritional intake, and, presumably improved 

outcome with such drugs, especially in patients with chronic febrile illness. A 
recent study, for example, demonstrated that febrile cats with various infections 

that received both antibiotic therapy and the nonsteroidal anti-inflammatory 
agent, ketoprofen, had rapid reductions in body temperature to normal, and had 

improved appetite and attitude than febrile cats not receiving ketoprofen. No 
idverse side effects of ketoprofen were noted. 

Step 8: Address overall patient status, especially nutrition, fluid balance 
and concurrent disease management. Table 43-4 lists general management con 
cems for febrile CCU patients. 














It is generally assumed that fever increases the metabolic rate, and animals 

with fever may require an increased caloric intake of 7 kcal/kg/d. il This may 
become problematic because febrile animals typically are anorectic, and a variety 

of feeding techniques and inventive strategies to encourage intake may be re¬ 
quired. It is seldom necessary to consider enteral or parenteral nutritional support 

for fever alone, but a persistent fever may be an additional consideration when 
contemplating instituting such therapy for other reasons. 
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Adequate fluid balance in patients in the CCU is a continuous objective 
and is especially important in febrile animals. Although difficult to quantitate, 
insensible fluid osses are considered to be substantial in febrile patients, in addi- 

tion to ongoing fluid losses related to underlying disease. Coupled with the in* 
creased metabolic rate in febrile patients, it is obvious that fluid imbalances can 

develop covertly that may worsen the patient’s status and possibly outcome, f luid 

therapy is important as well because many febrile animals do not drink enough 

water to maintain adequate fluid balance. Careful attention to fluid requirements 

is essential for all patients, but especially for febrile patients in the CCU. 


Pistients are seldom in the CCU simply because they are febrile. More com¬ 
monly, they are hospitalized for intensive care because of major illness or injury, 
of which fever is a part. It is important for all staff to focus on total patient 

management and not restrict their attention to a single problem, such as fever. 

Often, the easiest pammeters to measure frequently receive the most attention, 

including body temperature. It must be remembered that fever is a sign implicat¬ 
ing an underlying cause, and the cause is much more important for patient man¬ 
agement than the sign. 
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Multiorgan failure is an important concept in the management of critical illness. 

As newer technologies have improved monitoring and patient care, more criti¬ 
cally ill patients survive the initial illness only to succumb to a combination of 
complications involving other organ systems. The major threat to survival is 
often not the primary illness but rather a process of progressive failure of vital, 

interdependent organ systems. 

Applying clinical criteria to define organ failure, sepsis, septic shock, and 

the systemic inflammatory response syndrome (SIRS) permits the early detection 
and intervention before these changes lead to irreversible organ failure. In 1991, 

the American College of Chest Physicians and the Society of Critical Care Medi¬ 
cine met in a consensus conference to provide a conceptual and practical frame¬ 
work to define SIRS and resulting organ dysfunctions. 1 These recommendations 

have been modified for use in veterinary patients 2 (Table 44-1). 

Defining organ failure has been at times arbitrary with many dissimilar crite¬ 
ria listed from the many studies. The term “organ failure” implies a dichotomous 

event either present or absent. The same 1991 consensus conference settled on 
the term “multiple organ dysfunction syndrome” or “MODS” which better de¬ 
scribes the inability of specific organ systems to maintain homeostasis. This pro¬ 
cess, which may be relative or absolute, describes a continuum over time and 

not necessarily an irreversible process. By developing clinical definitions and 

monitoring these variables, the intensivist strives to identify organ dysfunction 
before the process becomes irreversible. 

Multiple organ dysfunction syndrome is a clinical constellation of severe 

physiologic changes occurring sequentially or concomitantly in multiple organs, 
most commonly in the setting of sepsis, severe inflammatory disorder, trauma, 
bums, or generalized perfusion deficits associated with hypovolemic shock of 

diverse cause. 3 The immunophysiologic response to systemic inflammation is 
central to an understanding of MODS. Although often thought to indicate sep¬ 
sis, 15% of patients meeting the criteria for SIRS were found to have no evidence 
of infection/ 

While azotemia and oliguria indicate renal dysfunction and coma scores 
objectively define neurologic impairment, certain organ systems have multiple 
immunoregulatory functions that are not sub)ect to objective clinical measure¬ 
ment. While a universal classification system is lacking, the / cute Physiology 


Copyrighted material 



Hidden page 



Hidden page 



Hidden page 



Hidden page 



Hidden page 



Multiorgan Failure C 

however, these patients will require positive pressure ventilation to improve 
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Acute renal failure is a common complication of critical illness. In humans, 

10-20% in intensive care units appear to develop clinically important renal 
dysfunction. 3 Reduced renal blood flow, tubular obstruction, tubular back leak, 
and altered glomerular permeability affect glomerular filtration rate (GFR) and 
may lead to oliguria. 10 Renal hypoperfusion results in a renal medullan ischemia. 

Most countercurrent and energy'dependent solute transport takes place in the 

outer medulla, an area of high oxygen consumption that is uniquely sensitive 
to ischemia. Acute renal injury may manifest as polyuria in normotensive, nor' 
movolemic patients. Other clinical indications of ARF include hyperkalemia, 

azotemia, metabolic acidosis, and abnormal urine sediment. 

Urine output is an objective, easily measured variable. Urine production 

should be frequently quantitated, even to the point of placing an indwelling 

urinary catheter in a critically ill patient for continuous assessment. Renal func* 

tion is most commonly estimated by following serum creatinine. Since creatinine 

production is relatively stable and its elimination dependent on glomerular ftl- 

t rat ion, serum creatinine provides an estimate of the glomerular filtration rate 
in the steady state. It may take several days to reach a new steady state following 

a single insult. 

Prevention of acute renal failure caused by prerenal factors is one of the 

important t ierapeutic goals in critical care. A balanced electrolyte fluid is chosen 

on the basis of the patients’ electrolyte status. If indicated, blood products or 

synthetic colloids may be necessary to maintain intravascular volume and ade' 
quate oxygen delivery. Recognition of acute renal failure during the initiation 
of tubular injury provides the best opportunity to reverse the damage. The fore- 
most goal is restoration of adequate circulatory blood volume. Volume is continii' 
ally assessed by arterial blood pressure, pulse quality, and central venous pressure. 
Only after blood volume has been optimized should any pharmacologic treat' 

ments be considered. 
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The liver and gastrointestinal systems are important in the host immune re' 

With circulatory shock and splanchnic ischemia, the gastrointestinal 


spouse 

tract can become the source of pathogenic bacteria access to the systemic circula¬ 
tion. The resulting bacteremia and secondary septicemia contribute to the failure 
of other organ systems. 11 

Neither the liver nor the gastrointestinal tract is as accessible for study as 

the cardiovascular system, lungs, or kidneys. Acute dysfunction is not as immedi¬ 
ately evident as circulatory shock, acute lung injury, or renal failure. Liver func¬ 
tion tests are sensitive to parenchymal injury but provide little information about 
protein biosynthesis or immunologic function. Likewise, assessment of gastroin' 
tesritval dysfunction by monitoring fecal character or the frequency and character 
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Disseminated intravascular coagulation (DIC) is a common component of 
systemic illness. Daily screening in at-risk patients can help the clinician inter* 
vene before fulminant DIG develops. Examination of a blood smear for low plate* 

lets and fragmented RBCs is inexpensive and easy. Activated clotting time is 
another excellent screening test for acute defects in the intrinsic and common 
pathways of coagulation. More specific tests for fibrin degradation products 

(FDP) and antithrombin III (AT III) concentration may help guide therapy. 

Treatment is directed toward decreasing microthrombi (heparin and AT HI), 

providing missing factors (fresh frozen plasma), and improving perfusion. 

Mentation is a subjective but important way to gauge neurologic dysfunc- 
tion. Support of blood glucose, oncotic pressure, and serum osmolality reduces 

the risk of neurologic injury. Hepatic encephalopathy develops in patients with 
liver failure and can he treated support!vely wirh gastrointestinal decontamina- 

tion and ammonia trapping. 

Based on new information about cytokine biology, there have been many 
attempts to mitigate the biological activity of cytokines on target cells (see Chap* 
ter 45). 12 The management of patients with life*threatening infection and sys* 
temic inflammation still largely consists of hemodynamic and pulmonary support, 

administration of appropriate antibiotics, and timely surgical intervention. De¬ 
spite the exponential growth in our understanding of the basic biology of in¬ 
flammation, our arsenal does not yet include a magic bullet to normalize the 

mediators of the pro-inflammatory and anti-inflammatory response. 
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Mortality associated with MODS is directly related to the number of organ sys¬ 
tems that fail. As more organ systems fail, the chances for survival diminish. In 

one human study, any single organ system failure lasting more than 1 day resulted 
in an in-hospital mortality risk of approximately 40%, failure of two systems in 
the same interval led to 60% mortality, while failure of any three systems for 

>72 hours brought the mortality rate close to 100%. 5 While similar information 

is lacking in veterinary medicine, these numbers reflect the grave prognosis with 
even the most intensive monitoring and therapies. Efforts to validate disease 
severity scoring systems in veterinary medicine will be useful to monitor our 

progress and gauge the benefit of new therapies that are developed to ameliorate 

MODS in our most critical patients. 
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The definitions used throughout this chapter are taken from the American Col 
lege of Chest Physicians/Society of Critical Care Medicine Consensus Confer 
ence and are presented in Table 45-1 

Inflammation is the body’s response to limit host damage. Controlled in 
flammation is essential to contain and eliminate pathogens and remove damaged 

tissue. Macrophages recognize foreign pathogens or damaged host tissues. In re- 

sponse, cellular signals (cytokines, eicosanoids, and free radicals) are synthesized 
and released. 7 These actors act on white bln k\ cells (monocytes, neutrophils, 
and lymphocytes) and endothelial cells to coordinate an inflammatory response. 

This response is fully equipped with amplification signals and negative feedback 

controls/ The clinical picture of inflammation results from the cardinal signs of 
pain, heat, redness, swelling, and loss of function. 

The inflammatory response cm be initiated by a spectrum of factors. In 

general, an appropriate response is initiated to control and reduce the incit¬ 
ing factors. It has long been recognized that there is an increased potential 

for aberrant inflammation in certain clinical situations. Patients with a higher 
than average risk for triggering abnormal inflammation include those presented 
with infectious pathogens, tissue trauma (including bums, crush injury, and 

major surgery), pancreatitis, neoplasia, hypoxia, and hypoperfusion. In addi¬ 
tion, patients with a controlled inflammatory response (“one hit, 

trauma or localizes infection) are at risk for developing an exaggerated in¬ 
flammatory response when exposed to a second “hit” (e.g., hypoxia, hypoperfu¬ 
sion, infection, or surgery) 3 (Fig. 45-1). Immunosuppressive drug therapy may 

also contribute to the exaggerated response by unbalancing the inflammatory 

response. This unbalanced response renders the patient more susceptible to 
pathogens and interferes with endogenous regulatory mechanisms. The serious 
morbidity and mortality associated with sepsis and systemic inflammatory re¬ 
sponse results from extensive and generalized activation of the host immune 
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system. 


The clinical picture of systemic inflammation results from either excess am¬ 
plification, loss of negative feedback, or immune paralysis/* 8 Failure to contain 
the systemic inflammatory response may lead to organ dysfunction, organ failure, 

and death. 
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: the presence of live bacteria in the bloodstream 

Systemic inflammatory 

temic inflammation in r 

diagnosis and as such there is no gold standard for diagnosis. The criteria for the 
systemic inflammatory response include tachypnea, tachycardia (or in cats 
bradycardia), leukocytosis or leukopenia, and fever or hypothermia. The sug 

in dogs and 
is in Humans 

that only two of the four criteria are required for the diagnosis of SIRS. This lack 

of specificity may contribute to heterogeneity of cases and confuse our under¬ 
standing of the clinical picture of SIRS. The sensitivity of the proposed SIRS criteria 
for dogs was only 

is: systemic inflammatory response to infection, which can be caused by 
gram-negative, gram-positive, fungal, or viral organisms. 

with organ dysfunction, hypoperfusion, or hypo¬ 
tension. Clinical manifestations of hypoperfusion may include lactic acidosis, oligu¬ 
ria, hypoxemia, or altered mental status. 

: sepsis with hypotension (systolic blood pressure <90 mm Hg) despite 
fluid resuscitation. This term is defined for humans and there is no consensus 
definition for animals. Patients may require vasopressors for maintenance of 
blood pressure 
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criteria for diagnosis of the systemic inflammatory 

cats are listed In Table 45-2. The Consensus conference on 
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: Derangements of cardiovascu 

lar, pulmonary, renal, neurologic coagulation, gastrointestinal, and hepatic 

function in patients with sepsis or SIRS that require intervention to maintain 

homeostasis. 
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proinfiammatory and anti-inflammatory mediators. A second in 
flammatory insult (second hit) can result in the development of SIRS in a previously 

compensated patient. Immune paralysis will lead to overwhelming infection. 
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The study of gram-negative sepsis and endotoxemia have substantially con¬ 
tributed to our understanding of the pathophysiology of both sepsis and systemic 

inflammatory response syndrome (SIRS). 111: One of the key observations is the 
relationship between presence of bacterial endotoxin (Iipopolysaccharide [LPS]) 
and inflammation. The inflammatory response to LPS provides the framework 
for our understanding of both sepsis and SIRS. 

The most common sepsis source in small animals is gram-negative enteric 

bacteria (Table 45-2). 1317 Studies have demonstrated that LPS can also trigger 

clinical signs of sepsis in the absence of live bacteria. LPS binds with an acute 


receptor (CD14) on the macrophage. The activated receptor then interacts with 

a second cell surface receptor (the toll-like receptor [TLR]) and initiates a senes 

Inflammatory me¬ 
diators activate the inflammatory response and are essential in the development 

of clinical signs. Despite our understanding ol SIRS activation in response to 
LPS, clinical trials with agents that neutralize or prevent LPS binding and activa¬ 
tion have failed to show a therapeutic benefit. 10 Common infections that carry an 

increased sepsis risk include peritonitis, pneumonia, and traumatic bite wounds/ 

infected wounds. Animals that do not have a primary infection site may develop 

the gastrointestinal tract. 

The mechanisms for translocation include primary damage to the intestinal bar 
rier (e.g 

emia and reperfusion. 

Gram-positive sepsis is not typically associated with a fulminant inflamma 
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of reactions that initiate inflammatory mediator production. 
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Peritoneum 

and cat) 


Lung 

(dog) 


33% (dogs) 
36% (cats) 

24 % (dogs) 
14% (cats) 


Enterics 


26 . 1 % 73 % 


51 % 


Anaerobes 


not reported 


18.7% 16% 


PasteureHIa 

Streptococcus 


12 . 8 % 


6.9% 26% 


18% (dogs) 

0 % (cats) 

11 % (dogs) 
0% (cats) 


8 % 


Staphylococcus 


5.4% 


34% 


(Reprinted with permission from Otto CM: Suppf Compend Contin f due Pract Vet 22:47, 2000.) 
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tory response as seen with gram-negative sepsis; however, recent reports describe 
an acute inflammatory response associated with streptococcus fasciitis in the 
dog. 19,20 The most common pathogen in gram-positive sepsis is Streptococcus cams. 
The mechanism is thought to he a massive cytokine response to a soluble toxin 

(superantigen) released from the bacteria. 
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It is critical to recognize that patients with signs of the SIRS may not have any 
infectious component. Risk factors for development of SIRS are listed in Table 

45*3. As noted above, the common theory to explain SIRS and sepsis develop¬ 
ment is that the host immune response produces an excess of proinflammatory 

mediators. 5,29 This may result from increased mediator production or failure to 

modulate t \e inflammatory response. Basic research ■ i helped to identify a co¬ 
hort of SIHS mediators. 50 Clinical research has provide 1 evidence to support the 
role of these mediators in clinical diseased 1 There are several reports associating 
cytokine levels with disease severity and prognosis. 12 34 Mediators associated with 
initiation and amplification of the inflammatory response include tumor necrosis 
factor (TOF) and interleukin (IL) 1. 

tors induces sepsis. 

mental therapies which failed to demonstrate benefit. 10 IL-8 is also an important 

chemokine produced as part of the inflammatory response. 19 II -8 is chemoattrac¬ 
tant for neutrophils. Inhibiting neutrophil activation may be beneficial in 

SIRS* 0 ; however, clinical trials have not been performed. Vasoactive agents 

(e.g., endothelin and nitric oxide), stress hormones, and complement and coag- 

ula ion cascades contribute to the clinical and pathologic manifestations of 

SIRS. 15 


35 . 36 


Experimental inti ion of these media 

These mediators have been the focus of several expert 


37 . 38 


An alternative hypothesis to explain the exaggerated proinflammatory re¬ 
sponse in SIRS is an inadequate anti-inflammatory response. Several mediators 
down-regulate the inflammatory response (e g., IL 4, IL- 1C, and soluble recq tors 

to TNF and IL-i).* Inadequate production of these mediators allows the inflam¬ 
matory response to go unchecked. A recent theory suggests that excess produc¬ 
tion of anti-inflammator mediators may contribute to SIRS by paralyzing the 
immune system. 4 Studies in human trauma and sepsis patients demonstrate im¬ 
mune dysfunction. 2141 People who develop compensatory anti-inflammatory re- 




Trauma 

Extensive surgery 

Hypoxia 

Hypotension 

Pancreatitis 

Burns 

Immunosuppressive drugs 
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more susceptible to infections and associated com 


sponse syndrome n< \ K > 
plications. In summary, either amplified inflammation or excessive activation of 

the anti-inflammatory response can lead to MODS and death. The difficulty 

in treating individuals lies in identifying where their inflammatory response is 

functioning. This is particularly difficult in dogs and cats because of limited tests 

and reagents to identify the mediators and characterize the immune status. 


SIB 


a 






i'L 


H 


.AJ 


The incidence of sepsis and septic shock in humans has increased over the 

past 15 years (Fig. 45-2). 9 There is no nationwide tracking system to monitor 
sepsis and SIRS in companion animals. Diagnosis codes entered by clinicians at 
the Veterinary Hospital of the University of Pennsylvania between 1987 and 

1997 suggest that sepsis in animals has increased over the past decade (Fig. 45-3). 

The information available is based on microbiology studies and postmortem re- 

One of the biggest challenges in diagnosing sepsis and SIRS in dogs 


IV1 ,42 


ports, 

and cats is that there are no consensus guidelines. The diagnosis of sepsis/SIRS 
is based on clinical criteria; recent studies suggest that adopting criteria estab¬ 
lished for humans is inappropriate for dogs 2 and inaccurate for cats. 42 Despite 
these limitations, the research and veterinary clinical and human literature can 
provide some case profiles in dogs and cats that have increased risk of sepsis and 

SIRS. It is unknown what percentage of animals that develop sepsis or SIRS 

will progress to Ml DS and death; however, prevention is the best therapy. All 
patients with sepsis or SIRS should be considered at risk for MODS and death. 
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Figure 

The annual number of human deaths due to sepsis in the United States between 
1979 and 1995. (From Anderson RN, Kochanek KD, Murphy $L 
ity statistics 1995. Monthly Vital Statistics Report 45:suppl 2, 1997.) 
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Figure 
The annual incidence of 

hospital 

tween 1987 and 199/ 


is in dogs, reported as number of septic c 
at the University of Pennsylvania Veterinary Teaching Hospital 


1000 
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In children, the definition of sepsis has been modified to include cases with 

clinical suspicion of infection. 4 * This modification may blur the lines between 

sepsis and SIRS, but it recognizes that blood cultures may be negative despite 
bacteremia and previous treatment may prevent the culture of organisms. 
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In humans, 50% of deaths from traumatic injuries occur immediately, 30% 

within hours, and the remaining 20% occur within days to weeks. 45 Major sur- 
^ery, periods of hypoxemia, or hypotension may provide a second insult that 

activates a primed immune system into the destructive cascade of SIRS. Late 
deat is from trauma are associated with the development of sepsis, SIRS, and 

MODS. 22,49 It is also possible for sepsis to occur secondary to SIRS as result of 

bacterial translocation or nosocomial infection.* 22 Trauma patients have also 
been shown to have alterations in their immune system that predispose them 

to secondary infection. 25 Bum injury triggers rapid activation of the inflammatory 

cascade, metabolic and immune derangements, and a high incidence of second" 
ary infections similar to other trauma class patients. The incidence of sepsis, 

SIRS, and MODS following extensive trauma in dogs and cats is unknown. 


/ 


Tissue hypoxia can result from inadequate oxygen delivery or defects in 

oxygen utilization (typically associated with toxins and endotoxemia). 24 It has 
been recently recognized that hypoxia can alter gene expression, including ex* 
pression oi inflammatory mediators. 25,26 Although hypoxia alone may not be sub 
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Criteria for SIRS (>2 of the 


i ngl> 


2 


Tachypnea 

Tachycardia (or in cats bradycar 

dia) 

- —— 

Increased or decreased rectal tem 

perature 

Increased or decreased white 
blood cell count (cells/mm J ) 


>20 breaths/min 
>120 beats/min 


>40 breaths/min 
<140. >225 beats/min 


<38° or >39°C 

(< 100.4° or >104°F) 
>18.000. <5000 


<37.8° or >39°C 


o 


o 


or 


<5000 


IIIII 




i 


t 


f 


§ 


n 


sion. * N lyocardial function is severely 

diators, local thrombosis, and tissue hypoxia. This is clinically noted as systolic 

is in cats results in cardiovascular fail 

as a 


compromised secondary to circulating 


me 


* 


* 


hypotension, and bradycardia. 42 Tissue oxygenation can 


ure 


* 


result of maldistribution of flow, shunting of blood, and mitochondrial failure 


24 


e 


In humans, the lung is one of the first affected organs. Patients with SIRS 
develop acute respiratory distress syndrome (ARDS). ARDS has also been re 

ported in dogs. Progressive organ dysfunction leading to acute tubular necrosis 
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The diagnosis of sepsis is confirmed it there is a known infection source in an 
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subtle signs of SIRS prior to progression of sepsis, septic shock, and MODS. 
Typical physical examination findings are 

tenuc inflammation results in both hematologic and biochemical changes. The 

source 


Sys 


in 


4 


w 


■9 


Common findings are listed in Table 45'6. 

The diagnosis of sepsis relies on positive identification of an infectious or 

ganism, mi 

tures 


t commonly a positive bacterial culture. 1 Aerobic and anaerobic cul 




i 


should he obtained from patients with suspected sepsis prior to initiation 


of antibiotic therapy. In animal > with 


4 


source 


* 




urine cultures should be obtained. 


studies and clinical 

trials, but the complex and interrelated nature of the response has eluded all 

attempts to control it. 1 " The most critical goal in treating a sepsis patient is 

preventing disease progression to severe sepsis, septic shock, or MODS. Control 
ling the infection source and inflammation is paramount. The early and appro 


A 


e 






















































Increased (early) or decreased blood 


Hypog fycemia 


glucose 


leukocytosis (or leukopenia) 


leukopenia (or leukocytosis) 


Mild to moderate thrombocytopenia 


Th rombocyt open i a 


Hypercoagulability (diagnosis difficult, 

FSP, d-dfmer, thromboelas 


Hypocoagulability (increased PT/APTT/ 

FSP/d-dimers 


ATIil) 


r 








lai 




tographic changes) 


Hypoalbuminemia 


hypoalbuminemia 
Evidence of organ dysfunction: 
Increased bilirubin, ± liver enzymes 

Increased BUN/creatinine 

Decreased PaO* Increased PaCO^ 


APTT, activated partial thromboplastin time; ATI 11, antithrombin III; BUN, blood urea nitrogen; FSP 

fibrin split products; PT, prothrombin time. 


priate use of antibiotics is essential. It has been reported that antibiotic adminis¬ 
tration may stimulate inflammation through the release of LPS from dying 
bacteria. 56 Although this phenomenon can occur, evidence of negative clinical 
impact is minimal. 56 In addition, delay in providing antibiotics will allow bacteria 
to multiply, presenting the host with a larger bacterial burden thus producing 

more LPS. In septic patients, empirical administration of antibiotics is warranted; 

however, cultures of blood, urine, or sites of infection are important to ensure 
appropriate therapy. Although antibiotics are necessary, they are not the only 
treatment necessary. Surgical drainage or debridement may be necessary to re¬ 
move sources of infection and inflammation. 

In addition to controlling ongoing infection and inflammation, the septic 

patient has systemic abnormalities that need supportive care. All systems must 

be supported to optimize recovery. Key organ systems include cardiovascular, 

pulmonary, coagulation, renal, gastrointestinal, and central nervous system. Tire 

mainstay of cardiovascular support is fluid therapy. Both crystalloids and colloids 

are used in treatment of patient with sepsis/SIRS, although there is no proven 
advantage of one fluid type. 6,52 Fluid selection and administration should be tai¬ 
lored to the individual patient’s needs. Guidelines are provided in Table 45-7. 

Altered vascular reactivity in sepsis, frequently leads to the 

tor blood pressure support (Table 45-8). Potential sequelae to vasopressor 
include blood flow maldistribution (especially to the intestinal tract) and in' 
creased the cardiac workload. This added workload in the presence of myocardial 
depression secondary to cytokines frequently necessitates use of positive inotro¬ 
pic agents. In humans, a series of studies promoted “supranormal” resuscitation. 
The goal of this therapy was to increase oxygen delivery beyond normal values. 
This required the aggressive use of inotropes, fluids, and blood products. 57 In 


of vasopressors 


use 


use 
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Overview 


Evaluation 


Clinical 

Tachycardia 
Dogs > 160 beats/ 

min 

Cats >220 beats/ 


Intervention 


Monitor 


CVP, auscultate 
lungs, PCV f TS 


Check ECG and 

auscultation to 
rule out primary 

heart disease 


Fluid therapy 

Crystalloids 
Dogs: 90 mL/kg 

to effect 

Cats: 60 ml/kg to 
effect 

Colloids 

Dogs: 20 mL/kg 
to effect 

Cats: 10-15 mL/kg 

to effect 

Vasopressor 

Phenylephrine 1-3 

pg/kg/min in saline 

Combined ino- 
trope and vaso¬ 
pressor 

Epinephrine 

Dogs: 0.05-1 

pg/kg/min 

Cats: 
kg/min 

IV Dextrose 

Bolus 0.5 g/kg (di¬ 
lute to <10% for 
peripheral ad¬ 
ministration) 

Supplement fluids 

with 2.5%, if per¬ 
sistent hypogly¬ 
cemia supple¬ 
ment with 5% 
dextrose 

Provide cold flu¬ 
ids, start antibi¬ 
otics. 


mm 


Check if volume 
replaced (CVP >8 

cm H 2 0 or in¬ 
creased by 3 from 

baseline) 


Monitor cardiac 

function; likely to 

require inotropes 


Hypotension 

Systolic BP <90 
mm Hg 






• wP 


01-1.0 pg/ 








Recheck glucose q 
4-6 h 


Samples with very 
high PCV or those 
that were in con¬ 
tact with red cells 
for a prolonged 
period may 
falsely low. 


lycemia 


Hy 


• * * 


glucose 






<60 g/dl 


Stop external 

cooling at 39,4°C 


Check for exces¬ 
sive muscle activ¬ 
ity, laryngeal dys 

function that 
could contribute 
to hyperthermia 


Fever 


T >39.7°C 


(103°F), monitor T 


(103.5°F) 


q 2-4 h. 


Cool with ice, 
fans if T >40.3°C 


104.5°F) 


Monitor T q 2-4 h. 


Most commonly 
associated with 

hypoperfusion. 


Fluid therapy 

with warm fluids. 
Prevent external 

heat loss (blan¬ 
kets, warm envi¬ 
ronment). 

DO NOT surface 
warm until vol¬ 
ume replaced. 


Hypothermia 


T <37.2°C i(99°F) 


BP, blood pressure; CVP, central venous pressure; ECG, electrocardiogram; PCV, packed cell volume; TS, 
total solids. (Adapted with permission from Otto CM: Suppl Com pend Contin Educ Pract Vet 22:47,2000.) 
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Sepsis | 


705 


Dogs: 5-20 pg/kg/min in D S W or saline 
Dogs and cats: 2-10 ng/kg/min in D S W 

Dogs: 0.005-0.05 pg/kg/min in D S W or saline 
Cats: 0.01-1.0 pg/kg/min in D S W or saline 

Norepinephrine 0.1 -1.0 pg/kg/min in D S W 

Vasopressors Phenylephrine 

Epinephrine 

Norepinephrine 


Dobutamine 

Dopamine 

Epinephrine 


Inotropes 


1-3 pg/kg/min in saline 

0.05-1.0 pg/kg/min in D S W or saline 

0.5-2.0 pg/kg/min in D S W 


in large clinical 


to be beneticial; however 


some patients, this strategy appeared 

trials no benefit was demonstrated. 58 


Coagulation and fibrinolytic abnormalities are common in sepsis. 55 Early 
hypercoagulable changes are difficult to identify clinically and thus most treat¬ 
ment is directed at disseminated intravascular coagulation. The use of anticoagu¬ 
lants (low molecular weight heparins) and replacement therapy (phisma, anti¬ 


thrombin HI) is under investigation 


there have been a series of 


Over the last 25 years, 

sepsis. These therapies, listed in Table 45-9, have all failed to improve survival 

in human studies. 10 New treatments continue to be investigated; however, it has 
been suggested that specific treatments will need to be tailored to the individual. 
Until specific therapies are developed, the key component of therapy is preven¬ 
tion. This includes prevention of ongoing inflammation by appropriate antimi¬ 
crobials and surgery and prevention of secondary insults (hypotension, hypoper¬ 
fusion, hypoxemia, secondary infections) 


v; 




Outcome of Human Clinical Trials 10 


High-dose glucocorticoids 
Anti-LPS 

Anti-prostaglandins (ibuprofen) 

Anti-TNF 

TNF receptor antagonists 
Inhibitors of IL-1 

Nitric oxide antagonists 

- - ~ -----:--- 1 - 

Bradykinin antagonists 

Platelet activating factor antagonists 


No improvement 
No improvement 
No improvement 


No improvement 

Worse outcome (p80) 

No improvement 
Increased mortality in phase 111“ 
No improvement 
No improvement 


IL-1 f interleukin 1; LP$, lipopolysaccharide; TNF, tumor necrosis factor. 
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There have been no prospective studies in veterinary medicine to evaluate the 
incidence of SIRS or sepsis, nor the progression to septic shock or MODS or 

death. In a prospective study in people admitted to a tertiary care center, 68% 
met at least two of the four SIRS criteria. In that study, the mortality rate with 

SIRS was reported as 7%. The mortality has been reported to be 16% with sepsis 
that did not progress to septic shock or MODS. 60 In this study, the greater num- 

her of SIRS criteria that were met, the greater the probability of developing 
evidence of infection or sepsis* 61 Mortality of humans with septic shock is be- 
tween 40% and 70% and is the leading cause of CCU deaths. 60 Risk factors for 
human mortality associated with sepsis include elderly patients, septic shock, 
the infection source, and inappropriate antibiotic selection. 61 In humans, the 

prognosis rapidly deteriorates as sepsis progresses to severe sepsis and septic 
shock. The development of MC f S is also a poor prognostic indicator. Both the 

number of organs affected and the severity of the dysfunction affect prognosis. 

Veterinary patients are likely to have an even poorer prognosis with develop¬ 
ment of MODS due to the restricted availability of long-term positive pressure 
ventilation and hemodialysis. 
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Immune-media ted hemolytic anemia (IMHA) is the most common form of he¬ 
molytic anemia in dogs. In this disease process, red bk J cells (RBCs) are coat l 
with antibody* which leads to an accelerated rate of RBC destruction. Clinical 

signs vary widely depending on the severity and the rate of onset of the anemia. 
Several life-threatening complications 
treatment, making these patients some of the more challenging intensive care 
unit patients. 


associated with this disease and its 




Red blood cell destruction occurs as the result of an immune reaction involving 
immunoglobulin, complement, or both. Antibodies are produced against RBC 

membrane antigens. The trigger for antibody production may be unknown, as in 

animals with primary (idiopathic) IMHA, or it may be secondary to infection by 
a virus, bacteria, or R: C parasite, other immune-mediated disease, exposure to a 
drug or vaccine, or neoplasia. There may l e a change in the RBC membrane 

antigens or exposure of hidden antigens causing the production of antibodies 

against the RBC by a normal immune system. Alternately, there may be an abnor¬ 
mality in the immune system allowing antibody production against self antigens. 1 

After antibody production and RBC coating, destruction occurs by one of 

three mechanisms: intravascular agglutination, intravascular hemolysis, or extra- 

vascular hemolysis. Intravascular agglutination with subsequent phagocytosis 
and extravascular hemolysis reaction is known as class I IMHA and results in a 

positive slide agglutination. Intravascular hemolysis class II IMHA, usually in¬ 
volves immunoglobulin M (igM) antibodies, which fix complement in sufficient 

quantities produce hemolysis. Red blood cells heavik coated with immuno¬ 
globulin G (IgG) may also fix so much complement that intravascular lysis oc- 
curs. Class I and class II IMHA are acute in onset and rapidly progressive. In 
animals with class 111 IMHA, RH's coated with antibody in insufficient quantity 
to cause hemolysis or agglutination are destroyed by phagocytosis in the reticulo¬ 
endothelial system. Slide agglutination does not occur. Class III IMHA is more 
chronic in nature. 

Phagocytosis ma\ be 'gM or « mediated with or without complement. 

Macrophages recognize the constant fragment (Fc) portion of the IgG molecule. 
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Immune-Medicated Hemolytic Anemia I 

Immunoglobulin binding by Fc receptors on the macrophage can result in com¬ 
plete erythn phagocytosis. Alternately, only a portion of the membrane may he 
removed by the phagocyte leaving the RBC with reduced surface, thus forming 
a spherocyte. These are small, dense, rigid RBCs that have lost the typical bicon¬ 
cave shape of canine RBCs. The deformabtlity of sphenxrytes is impaired. These 
cells are trapped in the spleen and subsequently destroyed. Macrophages also 

have receptors for complement components. Complement together with IgG 

enhances the phagocytic process, particularly for hepatic macrophages. Macro¬ 
phages do not have receptors for the Fc component of IgM. Destruction of IgM 

coated RBCs is mediated by complement. 

Affected dogs are typically middle aged. Some studies suggest older females 
are more frequently affected, whereas males predominate in animals <1 year of 
age. Other studies have shown no sex predilection. A higher incidence of 1MHA 

is reported in the Old English Sheepdog, Poodle, American Cocker Spaniel, 
English Springer Spaniel, Lha^a Apso, Shih Tzu, and Irish Setter, but a familial 

tendency has not been established. A seasonal tendency was suggested in one 

study, in which 40% of the cases developed in May and June. 2 Sixty to 75 percent 
of 1MHA in dogs is primary or idiopathic. 










History and physical examination findings vary widely with and depend on the 

severity of the anemia, the rate of onset of the anemia, and the presence of 
underlying disease. Common findings include lethargy, weakness, exercise intol¬ 
erance, pale mucous membranes, tachycardia, tachypnea, bounding pulses, sys¬ 
tolic heart murmur, icterus, pigmenturia (bilirubmuria or hemoglobinuria), sple¬ 
nomegaly, hepatomegaly, fever, petechia, vomiting, anorexia, syncope, collapse, 
peripheral lymphadenopathy, polydipsia, and dermatitis. 

A list of differential diagnoses for hemolytic anemia is provided in Table 

46-1. The diagnostic approach for IMHA may include a complete bkn hI count, 
slide agglutination test, cytologic examination of RBCs, biochemical analysis, uri¬ 
nalysis, serologic testing for tick disease, antinuclear antibody testing, direct anti- 

minal ultrasound, 

bone marrow biopsy, and coagulation testing. It is important to assess for underly¬ 
ing disease and determine the impact of the anemia on multiple organ systems. 

Key laboratory findings are spherocytosis with a positive slide agglutination 

or direct antibody test. Table 46-2 lists other common laboratory abnormalities 

in patients with IMHA. Demonstration of antibodies directed against RBCs by 

a positive slide agglutination or DAT is definitive for IMHA. 

Autoagglutination is represented by grape-1 ike clusters of cells seen micro¬ 
scopically or clumps of cells grossly visible in anticoagulated blood or on a slide. It 
must be differentiated from rouleau, which may be caused by high serum proteins. 

Rouleau appears as cells stacked like coins and tends to disperse when one dr< [ 

of blood is diluted by several drops of saline. 

Two thirds of patients with IMHA are DAT positive. The i >AT detects 

antibody or complement on the surface of the RBCs when the antibody strength 

Copyrighted material 


*_ 


i.i :i 






















Positive slide agglutination 


Positive direct antiglobulin test 




Spherocytosis 


observed 

Profound anemia 

Polychromasia 

Anisocytosis 

Retkuiocytosis, >60 ( 000/pi 

Leukocytosis, neutrophilia ± left shift 

Throm bocytopen i a 

Erythroid hyperplasia, bone marrow 

Hemoglobinemi 
Hemoglobinuria 

Bilirubinemia 

Bilirubinuria 

Coagulation abnormalities 

Elevated ALT 
Elevated ALP 
Azotemia 
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or concentration is too low to cause spontaneous agglutination. IgG, IgM, and 
complement (C3b) reagent is added at various concentrations to the patient’s 

washed RBCs. Agglutination is reported from 1 -I- to 4+. Identification of com' 

plement alone suggests an underlying disease process. The strength of the DAT 

does not predict the severity of the anemia. False-positive results may be seen 

with hyperglobulinemia, rouleau, and inadequate washing of RBCs, and in previ* 
ously transfused patients. 4 False-negative test results can be caused by insufficient 

quantity of antibody, low affinity of antibody, *lrug reaction, corticosteroid ther- 

apv, or technical problems. 

Spherocytosis is mild to marked depending on the type of RBC destruction, 
and spherocytes are found in approximately 8> of patients with IMHA. Sph 

rocytosis is suggested by a low mean corpuscular volume (MCV) and a high 
mean corpuscular hemoglobin concentration (MCHC). 

Reticulocytosis is found in 60% to 70% of IMHA patients and suggests a 

regenerative response. Number oit reticulocytes should be evaluated relative to 
the degree of anemia. 

The corrected reticulocyte count (CRC) = % reticulocytes X PCV/normal 

PCV (45% in dogs, 37% in cats). Normal CRC < 0.4%. Regenerative response 

> 1 %. 
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The therapeutic plan tor IMHA patients must encompass h rtt goals. First, deh- 

cits in oxygen delivery resulting from severe reduction in red cell mass must 
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sumption. Patients with thrombocytopenia, petechia, or schistocytes may have 

RRC fragmentation and platelet consumption associated with DIC. A coagula¬ 
tion profile should be done in these patients to evaluate for coagulation abnor¬ 
malities. Patients with IMHA may be more vulnerable to DIC and thromboem¬ 
bolism because of thromboplastic substances released from RFC membranes, 

tissue ischemic injury secondary to anemia, and the coagulopathic or bone mar¬ 
row suppressive effects of immunosuppressive drugs. Evidence of prolonged clot¬ 
ting times in combination with thrombocytopenia should be treated by transfu¬ 
sion of fresh frozen plasma ar 10 ml /kg IV over 4 hours or as tolerated or until 

prothrombin time (PT and activated partial thromboplastin time (a) TT) are 
normal. The use of anticoagulants such as heparin or fractionated heparin re¬ 
mains controversial. Difficulty in monitoring heparin therapy and increased risk 
of bleeding must be weighed against any beneficial effects in prevention of coagu- 
lation factor consumption or thromboembolism. 

The incidence of thromboembolism in animals with IMHA is not known. 
Pulmonary thrombi embolism (PTE) is a potentially fatal complication of 
IMHA. One study demonstrated a 30% incidence of PTE in patients with 
IMHA. 9 Thromboembolism has been suggested to develop as the result of the 
release of thromboplastic substances from the RBC membrane or because of an 
endothelial-cell dependent pathway triggered by the presence of immune com¬ 
plexes. 1 Patients with a high bilirubin (>10 mg/dl), multiple IV catheters, and 

frequent blood transfusions are at high risk for thromboembolism. 9 Signs of PTE 
include acute onset of dyspnea and pain, hypoxemia with normo- or hypocapnia 

on arterial blood gas analysts, increased alveolar to arterial oxygen gradient, high 

central venous pressure secondary to pulmonary hypertension, interstitial pat¬ 
tern, pleural effusion, abruptly terminating pulmonary vessels on thoracic ra¬ 
diography, or ventilation-perfusion abnormality on pulmonary scintigraphy. 
Therapy includes oxygen administration and heparin for control of thrombus 
growth or streptokinase for thrombus dissolution. 

Gastrointestinal blood loss may occur secondary to coagulopathy or injury 

to gastrointestinal mucosa and may represent clinically important blood loss for 
the anemic patient. Gastrointestinal ulceration can develop secondary to use of 
glucocorticosteroid through the inhibition of prostaglandins and the loss of the 

protective gastrointestinal mucous production. Patients with IMHA in a severely 
anemic state are also prone to ischemic injury of gastrointestinal mucosa. An¬ 
orexia leads to atrophy and increased vulnerability to injury of the gastrointesti¬ 
nal mucosa. Thrombocytopenia and coagulation abnormalities can cause gastro¬ 
intestinal bleeding. Gastrointestinal protectants are indicated throughout the 

entire course of immunosuppressive therapy. Enteral nutritional support helps 

to maintain gastrointestinal mucosal viability. 

Patients with IMHA are particularly vulnerable to infection. Careful evalu¬ 
ation of the patient is needed because leukocytosis and left shift may develop 

because of infection or as part of the leukemoid response to severe anemia and 

bone marrow stimulation from inflammatory cytokines. Monitoring of catheter 
sites, leukogram, urine sediment, blood glucose levels, chest radiographs, r *dy 

temperature and pressure points will help identify occurrence of new infection. 
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Prophylactic antibiotics are not recommended because antibiotics are implicated 

in drug reactions that stimulate antibody production against erythrocytes. 

Renal injury associated with IMHA is thought to be caused by vasoconstric- 
tion and hypoperfusion. 11 Some heme pigments may precipitate and form casts 
in the distal renal tubule. However, tubular necrosis and acute renal failure are 

rarely seen in animals with severe and chronic hemoglobinuria. 5 Results of renal 
mnetion tests may be high because of prerenal azotemia secondary to dehydration 
from anorexia, vomiting, or diarrhea. Renal azotemia may be caused by underly- 
ing renal disease. Crystalloid fluid therapy is used to protect renal perfusion and 

replace fluid deficits. 

Approximately 10% of IMHA patients are refractory to glucocorticoste- 

roids. Other patients may fail to show a regenerative response in spite of aggres- 
sive, multimodal therapy. Refractory anemia may be the result of failure to sup- 
press the immune response, direct immune injury to erythroid precursors, blood 

loss th rough gastrointestinal bleeding, microangiopathic injury to RBCs, or sup~ 
pressed erythropoiesis by immunosuppressive agents. 12 A bone marrow biopsy is 

indicated in patients with nonre generative anemia t tat persists longer than i 

to 7 days. The bone marrow response in patients with IMHA typically shows 
increasing erythropoiesis and concurrent granulopoiesis with a decreasing M:E 
ratio. Diminished or absent erythropoiesis may represent a type of IMHA in 

which antibodies a e directed against K1 1 ' precursors. 1 






medications are tapered individually over 


In patients that achieve remission 
weeks to months, and the hemogram is monitored closely. Prognosis remains 

guarded. Mortality rates have been reported from 20% to 79%. Most deaths occur 
within 90 days of diagnosis. 12 Higher mortality rates have been associated with 

intravascular hemolysis, low initial PCV, persistent reticulocytosis of <3%, mub 

tiple iflood transfusions, and high biliruhin concentration. 12 
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Immune ^mediated hemolytic anemia is rare in cats. Antibodies may be directed 
against self antigens, as in patients with true autoimmune disease, or against 
foreign antigens adsorbed onto or incorporated into cell membranes. The disease 
may be idiopathic or associated with feline leukemia infection (FeLV), hemobar- 
tonellosis, lymphoid or myeloid neoplasia, or systemic lupus erythematosis or it 

may be drug induced. 13 A diagnosis of IMHA in a cat should prompt the clinician 
to look carefully for underlying disease. 

Clinical signs are similar to those in dogs. IgM antibody is more common 
in cats, whereas IgG is the more prevalent antibody in dogs. 13 Autoagglutination 

occurs when IgM antibody is present. Extravascular hemolysis results in RRC 
destruction. Spherocytes are not readily identified because of the morphology of 
feline RBCs. Partial phagocytosis is manifested by increased osmotic fragility. 

A diagnosis of IMHA is made by demonstrating evidence of hemolysis, such 

as increased osmotic fragility, increased agglutination, or a positive DAT. Other 
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diagnostic tests commonly performed are direct fluorescent antibody test for 

FeLV on peripheral blood or bone marrow, antinuclear antibody test, and cyto 

logic examination of bone marrow and lymph node aspirates. Ery t h rophago- 
cytosis may be observed in smears of blood or bone marrow or lymph node aspi- 

rates. 


Anemia is typically regenerative, with >50,000 reticulocytes/pl. Reticulo¬ 
cytes in cats are of two types, punctate and aggregate. Aggregate reticulocytes 
correspond to the reticulocytes seen in dogs and indicate an active regenerative 

response. Aggregate reticulocytes mature to punctate reticulocytes in less than 
one day. Punctate reticulocytes circulate for one to two weeks. 1 Nonregenerative 
anemia may result from dysplastic or hypoplastic bone marrow secondary to mye¬ 
loproliferative disease. 

Direct agglutination test-positive anemia may precede the development of 
feline leukemia viremia. Cats should be retested for FeLV 4 to 6 weeks after 
diagnosis of 1MHA if the initial FeLV test is negative. It is important to know 
that not all cats with IMHA have FeLV infection. 

Blood smears are evaluated for HemobartoneUa sp. Organisms take two forms: 
a signet ring shape superimposed on the cell or a rod shape at the periphery of 

the cell. 


Therapy is similar to that for dogs with IMHA. Prednisolone (2-4 mg/kg/ 

day divided) or dexamethasone (0.2 mg/kg/day) are the initial drugs for immuno- 

Packed RRCs or Oxyglobin may be used as needed. Oxyglobin is 


ii 


suppression. 

not labeled for use in cats and must be used with caution. Cats are extremely 
sensitive to volume overload. Initial doses are 5 to 10 ml/kg iV over 4 to 6 

hours. Feline patients are often started on tetracycline (Panmycin, Upjohn; 20 
mg/kg q 8 hours PO) or doxycycline (Vibramycin, Pfizer; 5 mg/kg q 24 hours 

PO). Other immunosuppressive agents have been use such as chlorambucil 

(Leukeran, Burroughs Wellcome). Cyclophosphamide is not well tolerated in 
cats. Azathioprine is not recommended because of bone marrow toxicity. 
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The peritoneal cavity has a large surface area covered with a serosal membrane. 
This membrane is semipermeable, allowing passive diffusion of small molecules 

such us electrolytes, urea, and wafer. Similarly, certain drugs and toxins can 
rapidly cross the serosal membrane to the systemic circulation. Normally there 

is a small amount of clear fluid in the peritoneal space. This fluid is a transudate 
with a cell count ranging from 200 to 2500 cells. A typical distribution of the 
cells in the peritoneal fluid is 50% macrophages and 50% lymphocytes. 1 

The omentum is an im[>ortant component of normal peritoneal physiology. 

The omentum has a large surface area and is relatively mobile within the perito¬ 
neal cavity. This mobility is manifested by the adherence and clumping of the 
omentum to areas of inflammation virtually anywhere in the peritoneal cavity. 

The omentum can induce local vascularization and increase delivery of immune 

and phagocytic function via the secretion of an angiogenic factor. 2 

Peritonitis is defined as inflammation of die peritoneal lining; it may affect 

f :te omentum us well us visceral and parietal peritoneal surfaces. Peritonitis is a 

common cause of admission of dogs and cats to the OCU. Prompt diagnosis and 
treatment will reduce mortality. An understanding of the normal physiology of 
the peritoneum and omentum is essential to diagnosis and treatment. 
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Peritonitis has many etiologies. Etiology can be grouped into chemical, septic, 

and combined chemical/septic peritonitis. Chemical peritonitis is due to the 

presence of sterile irritating substances on the peritoneal lining including urine 
bile, and pancreatic enzymes. Urine causes a diffuse, mildly inflammatory reac 

tion, whereas bile is irritating but remains localized. Pancreatic enzymes tend to 
create regional inflammarion. Trauma, infection, and neoplasia are known incit¬ 
ing causes of chemical peritonitis. The initiating event in chemical peritonitis, 
particularly pancreatitis, remains unknown. 

Septic peritonitis is due to free bacteria in the abdominal cavity. Most cases 
are due to break down of the gastrointestinal wall including perforating foreign 
bodies, erosive neoplasia, and necrosis of the gastrointestinal wall following ob¬ 
struction, gastric dilatation/volvulus, or intussusception. Inoculation of bacteria 

from outside the body is a less common cause of septic peritonitis. Liver, kidney. 
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prostate, and uterine infection can occasionally serve as a source of bacteria to 

initiate septic peritonitis. Inflammation pn luced by chemical peritonitis can 

lead to secondary septic peritonitis. The direct connection of the biliary tree to 

the duodenum and the highly inflammatory nature of bile result in sterile bile 
peritonitis progressing to septic peritonitis. Bile peritonitis uncomplicated by the 

presence of bacteria has an improved survival over septic bile peritonitis. 

Bacteria or chemical irritants cause increased permeability of serosal capil 
lanes resulting in leakage of protein, solutes, and water into the peritoneal cavity 

Exudation of protein-rich fluid can result in hypoproteinemia and bacteria prolif 

eration. At the same time, endotoxins 


j 


a bsorbed across the more permeable 

serosal capillaries. Bacteria 0.5 to 2 pm in size can pass directly into the lymphat¬ 
ics. 4 This can happen rapidly; bacteria have been detected in the blood within 

minutes of inoculation in the peritoneal cavity. 5 The combined effect of fluid 

loss to the peritoneal cavity and the vasodilatory effects of absorbed toxins can 
produce pr i >und hypotension and hypovolemia. 

Endotoxins absorbed from the peritoneum have systemic effects leading to 
hypotension, shock, systemic inflammatory reaction syndrome (SIRS) and dis¬ 
seminated intravascular coagulation (D1C). Endotoxins, myocardial depressant 

factor, acid-base and electrolyte disturbances directly affect cardiac function 
leading to further reduced cardiac output. Renal hypoperfusion and insufficiency 
exacerbates electrolyte abnormalities and azotemia. Direct renal damage from 
endotoxins and bacteremia can lead to acute renal failure. 
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Animals with peritonitis typically present with a nonspecific history. Owners 
report anorexia and lethargy that can be acute or gradual in onset. Occasionally 

vomiting, diarrhea, or a hunched posture will be noted. Animals may be ambula¬ 
tory' or recumbent, reflecting the gravity of systemic involvement. Standing pa¬ 
tients will often exhibit a wide-based posture with an arched back and may have 
a lowered front posture. This has been referred to as a “praying position/* Clinical 

signs are primarily those of shock with weak peripheral pulses and tachycardia. 

Dull mentation and fever may be present. The abdomen is typically tense to 

overfly painful and may have positive ballotment sign indicating effusion. 
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Diagnosis and treatment proceed simultaneously because these animals are 

often moribund on presentation. Diagnosis can l>e divided into identifying the 

abdominal pathology present and assessing the patient*s systemic condition. Ini 

tially, a complete blood count (CBC) and complete serum chemistry panel in 

eluding lipase and amylase are required. This gives the clinician baseline infor 

mation regarding the presence and degree of dehydration, anemia 

thrombi ytemia, electrolyte disturbances, azotemia, and specific organ involve 
ment. It available, a coagulation profile including one-stage prothrombin time 
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1. Clear fluid with a total protein <3 g/dL 

2. Volume 1 mL/kg 

3. Cytology 

4. Cell number ^2500 cells/mm 1 

5. 50% monocytes and 40% lymphocytes 


(OSPT), activated partial thromboplastin time (aPTT), and fibrin/fibrinogen 
degradation products (FDP) is helpful in guiding the selection of blood products. 

The presence of abdominal discomfort or peritoneal effusion are indications for 

abdominocentesis. Cytology and peritoneal fluid chemistries including albumin, 

creatinine, bilirubin, and amylase are performed to classify the effusion (Table 

48'1). Fluid should be submitted for culture and susceptibility. Abdominocente- 

ms, although a rapid technique, sometimes doe> not yield an adequate sample. 

The clinician can use diagnostic peritoneal lavage to enhance sampling (Table 

48'2). 


The presence of degenerative neutrophils and bacteria in peritoneal fluid 

indicate septic peritonitis. I otal white cell count does not correlate with sever' 
ity. Creatinine levels in the peritoneal fluid greater than serum creatinine levels 

are suggestive of a uroabdomen. Any bilirubin or amylase is abnormal in the 

peritoneal fluid. In cases of septic peritonitis the clinician will have to weigh the 

value of additional information against the value of rapid surgical intervention. 

Chemical peritonitis patients benefit from fluid and electrolyte management in 

the critical care unit with surgery performed later, if necessary. Further diagnos' 
tics can \ e pe former pending the patient’s response to initial treatment. 

Abdominal radiographs may help define the abdominal pathology. The 
presence of gas free in the abdominal cavity is strong evidence of septic peritO' 

nitis. Foreign objects, gastrointestinal displacement (intussusceptions, mesen' 

teric torsion, gastric dilatation volvulus) and gastrointestinal obstructions can 
be discerned from radiographs. More commonly, abdominal fluid in peritonitis 

leads to loss of detail. This can be regionally noted as in pancreatitis. Thoracic 
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1. Lidocaine is infused in the skin and linea alba around the umbilicus. 

2. A small stab incision is made with 

3. A sterile 8 or 10 Fr red rubber feeding tube is inserted 6-10 cm into the ab¬ 
dominal cavity Cutting extra side holes into the feeding tube will help with 
the recovery of fluid. 

. Isotonic sterile saline is flushed into the abdomen (5 mL/kg). 

5. The patient is gently turned and the abdomen is agitated. 

6. The fluid is aspirated. Typical fluid recovery is 80% of the volume instilled. 

7. Fluid analysis is the same performed for standard abdominal centesis. 
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radiographs can be also taken at this time to investigate possible heart disease 

and look for evidence of metastasis. The simultaneous presence of abdominal 

and thoracic effusion (dual infusion) may suggest pancreatitis. 

Abdominal ultrasound is an excellent tool to refine location and di&semina' 
tion of abdominal pathology as in the case of bile peritonitis or suspected gastro- 
intestinal neoplasia. Caution must be exercised in establishing prognosis based 
on ultrasound findings. 

A cystourethrogram and/or an excretory urogram should be performed on 
animals with suspected or documented uroabdomen. These contrast procedures 
can often be performed after initial stabilization in the CCU. 










The treatment of peritonitis involves removal of the inflammation source 
followed by drainage and supportive care. Due to the rapid systemic effects of 
peritoneal inflammation, virtually all patients with peritonitis will have derange* 
inents in hydration, electrolyte, acid-base, or clotting status. Consequently, im- 
mediate fluid and electrolyte support is required. Large fluid volumes need to be 
rapidly administered because these patients are at risk tor developing bypovo- 
lumic, distributive, and septic shock. Repeated assessment of the packed cell 

volume (PCV), total solids, platelets and activated clotting times (ACT), OSFT, 
aPTT, and FDP will guide blood, plasma, or other colloid administration. Col¬ 
loids have a more sustained effect than crystalloids in maintaining vascular vol¬ 
ume. In a study of 42 dogs and cats with septic peritonitis, survival was improved 

in animals given plasma or blood over those that did not receive blood or 

plasma. 6 


Cytologic evidence of septic peritonitis is an indication tor broad-spectrum 

intravenous antibiotics. Frequently, multiple bacterial isolates are identified on 

culture including gram-negative rods, gram-positive cocci, and anaerobes. The 

clinician must initiate antibiotic therapy before culture and susceptibilit y results 
are available. Individual antibiotics (cefoxitin) or combination antibiotics (en- 


rofloxacin and ampicillin) can be used. 

Peritonitis is almost always painful and can be misinterpreted by the clini- 

dullness.” Opioids including fentanyl, morphine, oxymorphone, butor- 
phanol and bupranorphine offer therapeutic analgesia. However, the clinician 
must be attentive to mentation changes secondary to these analgesics. Specific 
drug preference is clinician based and probably reflects the emergency environ¬ 
ment. Intravenous fentanyl is the author’s preference for pain management in 

peritonitis cases because dosage can be changed quickly. However, it requires 

an infusion pump and 24-hour monitoring (see Chapter 7). 

Surgery is usually indicated to eliminate the contamination source. I'he 

urgency of surgical intervention is high for cases of septic peritonitis because the 
benefit of eliminating further contamination and removing mediators of in- 
flammation from the peritoneal cavir is higher than the risks of anesthesia. 
Surgical technique will not be reviewed here. The surgeon must perform a thor¬ 
ough abdominal exploration and be prepared to operate on any organ in the 
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omen. Meticulous attention to detail must be balanced with expediency be- 
cause prolonged anesthesia is poorly tolerated. Following identification and surgi¬ 
cal correction of the septic source, large volumes of warm sterile isotonic fluid 
are used to lavage the peritoneal cavity. In those patients where peritoneal con¬ 
tamination and inflammation are not adequately resolved, the surgeon can elect 
to leave the abdomen open. This technique is a delayed closure; the abdomen 
is loosely closed with suture to leave a 2-cm gap the length of the incision in 
the linea alba. Sterile laparotomy pads and towels are layered over the gaping 
incision and secured with bandage materials around the patient’s abdomen. Un¬ 
der sedation or general anesthesia these patients can he repeatedly lavaged, on 

a daily basis, until contamination and inti animation are adequately resolved to 

permit complete closure of the abdomen. 

Open abdomen patients present special challenges to the critical care clini¬ 
cian. These patients are vulnerable to ascending nosocomial infection and rapid 
onset of hypoproteinemia due to protein loss in draining peritoneal fluid. 7 * Man¬ 
aging an abdomen in an open manner is even more time and labor intensive 

than a managing a primary c losure peritonitis and the expense correspondingly 
greater. In a series of 42 septic peritonitis cases, survival has been shown to be 

similar tor patients managed with primary closure and patients managed with 

open peritoneal lavage. 6 However, assignment of an animal to the open abdomi¬ 
nal management group was based on the appreciation of especially severe abdom¬ 
inal contamination by the attending clinician. 

Surgical treatment of chemical peritonitis follows the same strategy used for 
septic peritonitis. Bile peritonitis and uroabdomen require closure of the source of 
contamination and generous lavage. The value of surgery for pancreatitis is still 

unresolved. Potential benefits include the ability to perform lavage to remove 
pancreatic enzymes from the peritoneal cavity and allow placement of a jejunos- 
tomy permits alimentation aboral from the pancreas. 

I tie hcmodynamically fragile status of peritonitis patients requires continu- 
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includes central venous pressure. A urinary catheter is needed to monitor urine 
output. Evaluation of PCV, total solids, glucose, electrolytes, platelets, white 

blood cell counts, and temperature are made frequently (q 4-12 h initially). 

These parameters combined with the continuous blood pressure and ECG moni¬ 
toring give the clinician the necessary information to assess fluid balance, ade¬ 
quacy of sepsis control, and the presence of arrhythmias. Decreased platelet num¬ 
ber, bleeding from venipuncture sites, or presence of petecchiae suggests the 

possibility of DIC. Early detection of changes in hemostasis is essential to prevent 
1MC associated mortality. This can be done with repeated assessment of ACT, 

platelet numbers, OSPT, APTT, FDP, or antithrombin 111. Serial evaluation ot 

urea nitrogen, creatinine, amylase, lipase, total bilirubin, and albumin may l>e 

performed depending on the specific type of peritoneal pathology. In septic peri¬ 
tonitis, serial abdominal fluid cytology is a valuable tool to follow the progression 

of disease. Declining counts of bacteria and degenerative neutrophils 

pected. Although no bacteria are expected in chemical peritonitis, serial analysis 

of abdominal fluid is useful in assessing resolution of abdominal pathology. 
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Nutritional support should be anticipated because many peritonitis patients 

will not eat. Although oral alimentation is ideal, vomiting or anorexia may force 
the clinician to seek alternate avenues. The placement of a feeding tube prior 

to surgical closure is ideal. 9 Esophagostomy, gastrostomy, or jejunostomy tubes 

can be placed. Gastrostomy or esophagostomy tubes allow feeding of a complete 
diet. Elemental diets must be used with jejunostomy tubes, jejunostomy tubes 
can be used in vomiting patients and alimentation can be started immediately on 
placement. Feeding directly into the gastrointestinal tract promotes the health of 
the intestinal mucosa and reduces translocation of bacteria from the gastrointes- 
tinal tract. 10 Total parenteral nutrition (TPN) refers to feeding through an intra- 
venous catheter. This method does not require surgery but also does not play a 
role in maintaining the health of the intestinal mucosa. Sepsis may be a comply 

cation of TPN. 1 

Other drugs that can be use*. I to symptomatically manage peritonitis patients 
include antiemetics, gastric acid release blockers, motility modifiers, and cytopro- 

tective drugs. The use of flunixine meglumine and glucocorticoids is controver¬ 
sial. Although both drugs are anti-inflammatory, they have significant side ef¬ 
fects. Flunixine meglumine reduces normal gastric cytoprotection and decreases 
renal and gastrointestinal bl I flow. Glucocorticoids reduce immune response 
and end to gastrointestinal ulceration. Peritonitis patients are 

sepsis and shock and consequently are more vulnerable to the negative side ef 

facts of flunixine meglumine and glucocorticoids. 
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Survival depends on multiple factors including the etiology of peritonitis, 
promptness of presentation and recognition, and skill of treatment. A guarded 
to grave prognosis must be given to these patients. Chemical peritonitis generally 

carries a better prognosis to septic peritonitis. In our institution overall survival 
of septic peritonitis cases treated with both open and closed peritonitis was 23%. 6 
Owners must be made aware that even with intensive care and considerable 

expense that mortality still remains significant. 
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Figure 

Pathways of normal hemostasis. Abbreviations: ADP = adenosine diphosphate; TXA 2 

calcium; vW 

T = buccal mucosal bleed time; ACT 
activated partial thromboplastin time; 
prothrombin time; PIVKA = proteins induced by vitamin K 
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thromboxane A* HMWK = high-molecular-weight kininogen; C 
von Wil lebrand factor; TF = tissue factor; 

activated clot time; 
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relatively few initiator molecules to induce sequential activation proteins ending 

in fibrin production at the site of injury. Factors II, VII * IX, and X require vitamin 
K to become functional. Vitamin K| is a cofactor required for post-translational 

modifications that allows these coagulation proteins to bind via calcium ion 
bridges to tissue factor or activated platelet membranes. This binding is a rate 
limiting step in the formation of enzymatically active complexes in the cascade. 
The coagulation cascade is usually initiated by exposure of tissue factor when 
the vessel wall is damaged (extrinsic cascade), but can also be initiated through 

activation of factors within the circulating blood (intrinsic cascade). The two 

pathways are distinct regarding testing in vitro, but are closely interrelated in 
vivo. Both pathways result in activation of factor X, the beginning of the com 

mon pathway. Factor X converts prothrombin to thrombin. Thrombin cleaves 

fibrinogen to form soluble fibrin monomers. These polymerize and are covalently 
crossdinke ! by factor XIII to form a stable fibrin clot. 

Clot formation is localized to the site of injury by activated platelet 
membranes and tissue factor. Clot formation downstream from the injury is in 

hibited in normal individuals by quiescent endothelium, dilution of activated 

clotting factors in flowing blood, and circulating anticoagulant factors. Anti 
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healed causing rebleeding. In addition, 1 DPs decrease platelet function and in¬ 
hibit thrombin, resulting in anticoagulant activity. Defective fibrinolysis can also 
lead to inappropriate formation of thrombi. 1 
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Abnormalities in primary hemostasis are usually characterized by superficial 
bleeding: petechiae, ecchymoses, and mucosal hemorrhage. Common manifesta- 

tions include cutaneous and gingival petechiae, epistaxis, hyphema, scleral and 
vitreal Hemorrhage, hematemesis and melena, and hematuria. It platelet function 

is normal, bleeding from thrombocytopenia never occurs with counts greater 

than 50,000 cells/pL and is rare with counts ah ve 20,000 cells/jxL. 2 Even with 

profound thrombocytopenia, cats are less likely than dogs to bleed spontane¬ 
ously. 4 The sites of hemorrhage are not helpful in distinguishing platelet disorders 
from vascular disease. 

Secondary hemostatic defects are associated with deep bleeding. 5 Coagula¬ 
tion factor deficiencies are usually manifested by bruising, hematomas, hemar- 

throses, muscular hemorrhage, or body cavity hemorrhage. 2 Anticoagulant ro- 

denticide toxicity sometimes also presents as pulmonary, mediastinal 
retrobulbar hemorrhage. 6 Clinical bleeding generally does not occur unless factor 

levels arc markedly decreased. Because of the multiple hemostatic defects present 

in DIC, patients with this disorder may experience hemorrhage of any type and 

location (Table 49-1). 

The clinical appearance of thrombosis depends on the site. Appendicular 
venous thrombosis rna ; v associated with limb edema and ervthema distal to 
the thrombus, pain, and a palpable cord in the affected vein. Portal and mesen¬ 
teric vein thrombosis may be associated with acute abdominal pain, anorexia, 

vomiting, and diarrhea. 7 Caudal vena cava thrombosis may be associated with 

ascites, rear limb e dema, and abdominal pain. Pulmonar thromboembolism usu 
ally presents as acute-onset tachypnea or dyspnea, generally with hypoxemia. 

Appendicular arterial thromh embolism will present as acute lo>s of limb fine 
tion, with cold, cyanotic, pulseless limbs. Arterial thromboembolism of visceral 
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organs presents as acute loss of function of that organ. Patients with cerebral or 
cardiac thrombosis may present with sudden death. 
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Patient signalment may help prioritize differential diagnoses for the underlying 

cause of the hemostatic defect. Anticoagulant rodenticide toxicity is more com' 

mon in young dogs. Severe inherited bleeding tendencies usually present at a 

A variety of breeds are predisposed for vWD, with Doberman 


young age 

Pinscher, Scottish Terrier, ( erman Shepherd, Shetland Sheep Dog, and German 
Short-haired Pointer well described . 9 Although most hereditary coagulopathies 

are inherited as autosomal traits, hemophilia primarily affects males due to sex' 

linked inheritance. Immune'mediated thrombocytopenia most commonly affects 

middle-aged, female dogs, with Cocker Spaniels, Poodles, and Old English 

Sheepdogs predisy >sed 

In addition to routine historical questions, specific information regarding 

the bleeding may help determine the most likely cause. Questions should relate 

to the affected sites, duration of bleeding, previous episodes of bleeding (espe¬ 
cially that associated with previous trauma or surgery), possible exposure to an 

anticoagulant rodenticide, the potentia for unobserved trauma, and recent d ug 
or vaccine exposure. A history of potential tick exposure may increase clinical 

suspicion for infectious disease such as Rocky Mountain spotted fever or ehr¬ 
lichiosis. 


10 


Clients with pets presenting with evidence of arterial, venous, or pulmonary 
thromboembolism should r questioned regarding previous diagnosis of, or his¬ 
tory suggestive of, an underlying prothrombotic disorder. Polyuria/polydipsia 

may suggest underlying glomerulonephropathy or hyperadrenocorticism. 

Coughing, dyspnea, or syncope may suggest underlying cardiac disease. 
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A detailed examination of all body systems should be performed to identify all 
sites of hemorrhage. Common sites of hemorrhage due to bleeding disorders in¬ 
clude eyes, skin, mucous membranes, joints, urinary tract, lungs, and pleural and 
peritoneal cavity. The distribution of the hemorrhage may help distinguish local 
hemorrhage (e.g., from trauma or necrosis) from a systemic hemostatic defect 
(see Clinical Presentation). 
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For a bleeding patient, several rapid cage-side tests usually can provide suf¬ 
ficient information for initial management and allow for rapid elimination of 
some possible causes of hemorrhage from the list of differential diagnoses. All 

bleeding patients should have packed cell volume (PCV), total protein (TP), 

fresh blood smear (see platelet estimate below) and activated clotting time 
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BMBT not clinically indicated in these circumstances as it fails to provide any additional information 

mg the cause of hemorrhage. 

IMT, immune-mediated thrombocytopenia; DIC disseminated intravascular coagulation; VWF, von 
Wlllebrand factor; NSAID, nonsteroidal anti-inflammatory drug; N, normal; IMHA. immune-medi- 

hemolytic anemia; RBC, red blood cell; ACT, activated dot time; BMBT, buccal mucosal 
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time. 


(ACT) (Table 49-2), Buccal mucosal bleeding time (BMBT) may be measured 

for breeds at high risk for vWD. 

Disorders of hemostasis are frequently secondary to other primary diseases 
(e.g., neoplasia, infection, liver failure) and may themselves cause organ dysfunc~ 
tion. Therefore, in addition to assessing various aspects of hemostasis, appropriate 
diagnostic testing may include a complete blood count (CBC), biochemistry 
profile, urinalysis, serology, imaging, or biopsies. Ideally, most samples should be 
collected before treatment (see below for proper handling of samples). 

Suspected primary hemostatic deficits need to be evaluated for adequate 

platelet numbers, proper platelet and vascular function, and in some cases, vWF 

levels. Platelet numbers can be rapidly estimated from a fresh blood smear, 
counted by a hemocytometer or hematology analyzer, or measured as part of a 

reference laboratory analysis. If hemorrhage suggests a primary hemostatic de- 

feet but platelet numbers are adequate, perform a BMBT and v\\ F antigen 
level. 


Secondary hemostatic defects can be rapidly screened with the use of an 
immediate ACT or cage-side coagulation monitor that can perform prothrombin 
time (PT) and activated partial thromboplastin time (aPTT). Reference labora¬ 
tories are then used to further characterize the hemostatic defect. DIC should 

be sus|»ected when hemorrhage is associated with neoplasia, inflammation 
trauma, because this a defect of multiple hemostatic mechanisms as well as 

activated fibrinolysis, all portions of the hemostatic process should be evaluated* 
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Hypothermia impairs the function of 1 oth platelets and the coagulation 
cascade. Ideally, use wanned fluids to improve patient comfort and to prevent 

exacerbation of the coagulopathy even if normothermic. Fluid therapy may also 
reduce uremic toxins and dilute platelet inhibitors (e.g., FDPs). Avoid medica- 

tions that impair platelet function (Table 49-3). Because hetastarch, dextrans, 
and hemoglobin-based oxygen-carrying solutions (Oxyglobin) can prolong in 

vitro clotting times, monitor animals with coagulopathies carefully when using 

these products. 
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Continued bleeding can exacerbate anemia, cause organ dysfunction, and 
result in further consumption of limited coagulation factors. Minimize trauma 
with cage rest, gentle restraint (avoid neck leads), and soft ft Is. If possible, 

give drugs orally or intravenously through an indwelling catheter. Avoid intra¬ 
muscular injections, use small-gauge needles, and keep gentle pressure on injec¬ 
tion sites for several minutes. Bandage or suture wounds, even small ones, if 

bleeding. 
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Thrombocytopenia may result from decreased platelet production, increased 

destruction, increased utilization, and sequestration. A complete blood count 
and blood smear can give many clues to the etiology. Platelet sequestration due 

to hepatomegaly or splenomegaly rarely decreases platelet count below 100,000/ 
nL. 14 Through loss and increased utilization, severe hemorrhage can cause throm- 
bocytopenia, particularly when the bleeding occurs into the gastrointestinal tract 
or body cavities. However, it is rare for this to decrease the platelet count below 

50,000/jaL. Severe thrombocytopenia (<20,000 platelets/flL) is most often asso¬ 
ciated with IMT, PIC", or bone marrow production defects. Large platelets sug¬ 
gest platelet regeneration, whereas microthrombocytes (decreased mean platelet 
volume) may be seen with IMT, particularly in the early stages before bone 
marrow response. Later stage IMT may have both small and large platelets with 

an increase in platelet distribution width (a parameter provided by some labora¬ 
tories). Concurrent neutropenia is usually associated with production problems 

(e.g., aplastic anemia, myelophthisis, chronic ehrlichiosis), whereas inflamma¬ 
tory leukograms are more commonly seen with sepsis, IMT, and Rocky Mountain 

spotted fever. In rare cases, Ehrlichia mm;Cae may be noted on the blood count. 
Red blood cell fragments (keratocytes, schizocytes) are commonly seen with 

DIC. If the animal is receiving medication and lacking signs of other causes of 
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thrombocytopenia, it si tould be presumed that the thromtv jytopenia is due to 

the drug until proven otherwise. The diagnosis is confmred by return of die 
platelet count to normal within 5 days of discontinuing the drug. 

Assessment of the coagulation cascade is indicated for animals with throm- 
bocytopenia, particularly if there is evidence of secondary hemorrhage or clinical 
signs other than superficial bleeding. Depending on the clinical signs anti initial 
laboratory findings, additional testing may be indicated for animals with throm¬ 
bocytopenia including bone inarrow examination or serology (Ehrlidua spp., 

Rocky Mountain spotted fever, Babesia, feline leukemia virus, feline immunode¬ 
ficiency virus). Platelets can be evaluated for evidence of immune attack with 
a test for the presence of platelet surface associated immunoglobulin, although 

a positive test will not differentiate primary from secondary immune disorders. 15 
Animals with D1C, sepsis, or tick-borne disease almost always show significant 

clinical abnormalities in addition to bleeding, whereas 1MT and drug-related 
thrombocytopenia may show only superficial bleeding. 

Bone marrow examination is indicated in thrombocytopenic animals with 
neutropenia or nonregene rat ive anemia or when the cause of the thrombocyto¬ 
penia is uncertain. Excessive bleeding from bone marrow biopsies is extremely 

rare even in severe thrombocytopenia. Bone marrow examination may provide 
a definitive diagnosis in some cases (e g., myelophthisis) and it is helpful in 
most others. For instance, megakaryocytic hypoplasia or aplastic anemia can 1 
associated with drug toxicity. Hypoplastic marrow with increased plasma cells 
is frequently seen with chronic Ehrlichia amis infection. Megakaryocytic hyper¬ 
plasia suggests peripheral destruction or increased use. Direct immunofluores¬ 
cence on bone marrow slides can identify antimegakaryocyte antibodies, which 

supports a diagnosis of IMT. Because 1MT is a diagnosis of exclusion, serologic 

tests for tick-borne diseases are appropriate for dogs with thrombocytopenia in 

endemic areas. The definitive diagnosis of IMT is often based on eliminating 

other potential causes and a response to therapy. The lowest platelet counts (i.e., 

<10,000/ li L) are seen with IMT. 10 

While titers are pending, therapy can be instituted for both IMT and rick¬ 
ettsial diseases (doxycycline 5-10 mg/kg bid) without significant harm to the 
patient. The primary therapy for IMT is prednisone starting at 1 to 2 mg/kg PO 

q 12 h. Any nonessential drugs should be discontinued. Transfuse as needed to 
manage anemia. Transfusion of platelet-containing products (FWB or platelet- 

rich plasma) may be appropriate if the patient needs emergency surgery or if 

there is life-threatening hemorrhage (e.g ., in the brain or lungs). However, the 
benefit i> expected to he very small and transient due to the rapid rate of destruc¬ 
tion of platelets in this disease and die very low platelet yield in hese products. 16 

The initial dose of prednisone is typically given for 2 to 3 weeks. If recheck 
platelet counts are greater than 75,COO/|iL, the dose can he tapered by 25% every 

2 weeks. When the daily dose is approximately 0.25 mg/kg, the interval can be 
increased to eve: other day. If the platelet count returns ro normal within 10 

days of starring prednisone therapy, and there are no relapses during tapering, 

it is likely that therapy can be safely discontinued after several months of every- 

other-day therapy. If the platelet count increases more slowly, ranges between 
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ine therapy may be of benefit for dogs with vWD, supplementation should be 
reserved for those patients with documented hypothyroidism, confirmed through 
testing in addition to total T 4 values. 
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As with platelet problems, coagulation factor dysfunction and deficiencies 
can be either inherited or acquired. Inherited factor deficiencies are rare, the 
most common being the X-linked hemophilias: factor VIII deficiency (hemo¬ 
philia A) and factor IX deficiency (hemophilia R). The most common acquired 

deficiencies include vitamin K deficiency (activation defect), liver failure (pro¬ 
duction defect), and DIC (consumption and localization defect). 1 




Although vitamin K deficiency may result from chronic malabsorption, oral 

antibiotic use, or cholestasis, the most common cause is ingestion of anticoagu¬ 
lant rodenticides. Most intoxications today are due to second-generation antico¬ 
agulant rodenticides (teg., brodtfacoum, bromodiolone) with much longer half- 
lives than warfarin. Hie first clinical signs are typically seen several days after 
ingestion. Although some patients present for overt bleeding, more commonly 
the clinical signs are vague (anorexia, depression, weakness) or relate to a site 

of internal hemorrhage (e.g., neurologic signs with nervous system hemorrhage, 
dyspnea with bleeding into the chest or lungs). Diagnosis is often based on his¬ 


tory, evidence of a coagulopathy (prolonged aPTT, ACT, PT), and rapid re 


sponse to vitamin K ( therapy. Some laboratories can determine the specific anti¬ 
coagulant via chromatographic analysis of samples of blood or vomitus. This can 

be helpful in determining the duration of vitamin K { therapy necessary. By the 
time an animal presents with hemorrhage, there is a deficiency of multiple factors 
and both the intrinsic and extrinsic pathways are prolonged. If animals are pre¬ 
sented for potential exposure to an anticoagulant rodenticide before clinical signs 
occur (i.e., ingestion is uncertain), the PT and PIVKA tests will be prolonged 
first because of the shorter life span of factor VII. 

When ingestion is witnessed, induce vomiting within 12 hours. Removal 
of stomach contents is not recommended for patients with bleeding tendencies 

because of potential hemorrhage and because anticoagulant rodenticide exposure 

precedes clinical signs by several days. At this point, you can either assume toxic¬ 
ity and treat with vitamin K t or confirm/refute toxicity by measuring PT or 
PIVKA at 24 and 4B hours. For animals presenting with hemorrhage, it is appro¬ 
priate to treat with ph tonadione (vitamin Kj, not Kj) while diagnostic tests are 
pending. However, vitamin K alone will not stop hemorrhage until the liver 

synthesizes new clotting factors (12-24 hours). Transfusion of active clotting 

factors may be necessary to control hemorrhage. Depending on the degree of 

anemia, start with either 6 to 12 mL/kg FFP or 12 to 20 raL/kg FWR Repeat 

until bleeding is controlled. Rapid whole blood transfusion (12-20 mL/kg) may 
be lifesaving for animals presenting in shock. Give 50% rapidly, then reassess. 
Vitamin Kj therapy should be started with a dose of 2 to 5 mg/kg/d subcutane- 
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ously. Note that vitamin K should not be given intramuscularly due to possible 
hemorrhage and cannot be given intravenously due to the potential for anaphy- 

laxis. Oral therapy can begin at similar doses once the patient is eating. The 
length of oral therapy needed may be as long as 4 to 6 weeks depending on the 
toxin and the degree of exposure 


19 


Animals with coagulopathies secondary to liver disease usually present with 
clinical signs related to liver disease. Coagulopathies may be suspected after ex- 
cess hemorrhage from minor procedures or noted on a coagulation panel. The 
coagulopathy may be due to inadequate production of coagulation factors, vita¬ 
min K deficiency, or inadequate clearance of plasminogen activators and FDPs. 

For animals with severe liver disease, if their condition will not be compromised 
by delay, it may be advisable to treat with vitamin K, for several days before 
proceeding with invasive diagnostic tests. Therapy involves treatment of the 

underlying disease and supportive care. Plasma transfusion may be necessary to 

control hemorrhage in some cases. 




Any disorder causing widespread activation of the coagulation cascade can 

cause D1C. Because DIC is always a secondary event, most animals with D1C 
present with clinical signs associated with the primary illness rather than overt 
hemorrhage. The most common causes are those that cause systemic inflamma¬ 
tion such as intravascular hemolysis, malignancies, gastric dilatation-volvulus, 
sepsis, pancreatitis, heatstroke, massive tissue trauma, toxins, and snakebites. A 

diagnosis of DIC is supported by identification of a primary disease, thrombocyto¬ 
penia, red cell fragmentation, prolonged coagulation times (APTT, PT, TT), 
increased FDPs, and decreased fibrinogen or AT 111. 20 Confirmation of the diag¬ 
nosis is not critical because the therapy is always tailored to the patient’s current 

clinical signs. The most important factors in managing DIC are treatment of the 
primary disease and supportive care. Administer fluid therapy to improve tissue 

perfusion, inhibit vascular stasis, at dilute activated coagulation and fibrinoly¬ 
tic factors. In addition, correct acid-base and electrolyte abnormalities, warm 
if hypothermic, and provide nutritional support. Transfusion may be appropri¬ 
ate to manage anemia and replace deficient coagulation factors and inhibitors. 

Heparin has been advocated ;it a wide range of doses (e g., 5-500 U/kg q 8 h 

to q 6 h) with little evidence showing efficacy. The clearest indications for use 

are when signs of thrombosis predominate (see below) or after transfusion of 
products containing AT III (FFP or FWB). If heparin therapy is started, theoreti¬ 
cally it is best to decrease the dose over several days to prevent a hypercoagulable 
state following discontinuation. 
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Thrombosis and thromboembolism have been described as complications 
in a variety of clinical disorders in veterinary patients, including cardiac disease, 
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in preventing recurrence of thrombosis in a variety of disorders. This lower dose 
may be effective in part because it is sufficient to irreversibly inhibit platelet 
cyclooxygenase (thereby limiting platelet aggregation) without significantly 
inhibiting prostaglandin 1> (PGlj) synthesis in endothelial cells. Endothelial 
PGI; is important in inhibiting platelet aggregation outside the area of injury, 
which is vital for limiting thrombus growth. Whether or not lower doses of aspi¬ 
rin may be of benefit in veterinary patients with hypercoagulability remains to 
be seen. 


Warfarin, Warfarin (a 4-hydn xycoumarin compound) exerts its anticoagu¬ 
lant effect by blocking the recycling of vitamin K, thus reducing body stores. 

Pharmacokinetic/pharmacodynamic study of warfarin suggested an initial 

oral dose of 0.22 mg/kg q 12 h in normal Jogs* 0 and 0.06 to 0.09 mg/kg/d in 

cats.* 1 Warfarin (Coumadin) is supplied as a 1-mg tablet. Analysis of crushed 
tab It-is suggested unequal distribution of the drug in different portions of the 
tablet. The author consequently does not recommend that tablets lie broken tor 
administration because this may result in variation in dose administered. When 
the tablets were crushed into a powder and mixed well, analysis suggested even 
distribution of the dmg. The powder can be weighed out by a compounding 
pharmacist and used to fill gelatin capsules. 

I*he FT is the most commonly performed laboratory test for monitoring of 

warfarin therapy. Monitoring of PT after initiation of warfarin therapy is usually 
performed with the patient hospitalized for the first few days because most pa¬ 
tients are still currently receiving heparin as described previously. The potential 
for hypercoagulability early in warfarin therapy due to decreased protein C levels 
suggests that warfarin should only be initiated once anticoagulation is achieved 

with heparin. Most patients will require that warfarin be overlapped with heparin 
for at least 4 to 5 days. The patient PT should be monitored daily for the first 
4 to 5 days of therapy, until the PT stabilizes. The timing of sample collection 
in relation to the administration of the warfarin dose for the day is unimportant, 

because PT is dependent on coagulation factor levels at the time of sampling 
rather than plasma warfarin concentration. Monitoring of anticoagulant therapy 

with the PT must be adjusted for variations in thromboplastin reagent and abo- 
ratory technique. The laboratory should provide an index of specificity of the 
thromboplastin reagent called an international sensitivity index (ISI). The ISI 
may be different depending on whether the PT was performed by manual or 

automated methodology. The international normalization ratio (INR) is calcu¬ 
lated as follows: INR = (Patient PT/Control PT) ISI . The ideal INR for anticoagu¬ 
lation to prevent thrombosis in dogs and cats has not been determined. In hu¬ 
mans, the recommended therapeutic range depends on the condition 
predisposing to thrombosis. No prospective studies evaluating the effectiveness 

of any warfarin regimen have as yet been reported for veterinary patients. Until 
such information is available, an INR of 2.0 to 3.0 is recommended because 
this lower intensity approach is associated with less hemorrhage and reasonable 

efficacy in humans. Experience to date with use of warfarin in cats and dogs 

would suggest that although an INR of 2.0 to 3.0 is an ideal goal, a wider range 
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ventral border of the eighth thoracic vertebrae to the cranial dorsal limit of the 

xyy hoid stemebra. Thoracic width is measured from the lateral aspect of the left 
ninth rib to the lateral aspect of the right ninth rib. The depth/width ratios are 
calculated, and studies reported that dogs with reduced thoracic depth/width 
ratios are at greater risk of GDV. 1,4 More recently a study noted depth/width 
ratios (P < 0.20), depth of the abdomen, and in 

positively correlated with incidence of GDV, When these breed conformational 

characteristics are included in a multiple linear regression analysis 
associated with incidence of GDV, 1 


female dogs, height 


are all 


none are 


Owner-perceived personality and temperament traits among dogs that are 

positively (P < 0.20) associated with GDV 
0.05^ or agitation in response ro strangers 

0.08), whereas the only trait negatively associated with the incidence of 

related 


0.61; P 


or environmental changes (r 


0.55 
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GDV is happiness (r 

personality and temperament traits are included in a multiple linear regression 
analysis, happiness is associated with a decreased incidence of GDV among male 

(P = 0.01) and female (P = 0.02) dogs. 1 This does not necessarily mean that 

within a given breed, the happier the dog, the lower the incidence of GDV. 

However, in a recent case-controlled study, 5 the risk of GDV in dogs character¬ 
ized by their owners as happy is reduced by 78%, compared to dogs not character¬ 
ized as happy. Moreover, risk of GDV is increased by 257% in fearful versus 
nonfearful dogs. These authors postulated that the differences between happy 

and tearful dogs might affect function and motility of the gastrointestinal tract, 
especially under conditions of stress. 

Proposed etiologic mechanisms in GDV include the role of gastrin, myo¬ 
electric dysfunction, esophageal dysfunction, and dietary factors. Gastrin has a 

trophic effect on gastric mucosa resulting in delayed emptying, increased gastro¬ 
esophageal sphincter pressure, thus inducing esophageal spasm, initiating aero- 
phagia, and decreasing the likelihood of vomiting with gastric distention. Dogs 

with GDV have significantly higher gastrin concentrations than seen in normal 

dogs during acute GDV and during the postoperative period. 6 In a study of six 

postoperative dogs with GDV, gastroesophageal sphincter function and plasma 

gastrin concentrations are not significantly different than normal dogs. 7 Whether 
gastrin is important in the pathogenesis of GDV is yet unresolved. 

peculated that delayed gastric emptying may predispose to 

GDV. The rate of gastric emptying of a solid, radionucleotide-labeled test meal 
in 10 dogs with a previous GDV was not significantly different than 10 clinically 
normal dogs. 8 In another study, gastric emptying following circumcostal gastro- 
pexy was delayed when compared to normal dogs with the same surgery. Thus, 

it was assumed that the delay in gastric emptying was due to GDV. 9 Whether 
gasrric emptying is important in the pathogenesis of GDV is as yet unresolved. 

Abnormal esophageal motility in dogs with recurrent GDV is reported.* It 
is unknown whether these animals had previous gastric surgery. Aerophagia is 


004 h When these three 


0.79: P = 0 


11 is frequently s 


* van Sluijs FJ, Wolvekamp WTC: Abnormal esophageal motility in dogs with recurrent gastric 
dilatatation'volvulus [abstract]. Vet Surg 22:250, 1993. 
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seen mainly when primary esophageal peristalsis failed to transport a food ho ins 

to the stomach. The ingestion of air elicited secondary peristaltic waves strong 

enough to transport the food to the stomach. Whether abnormal esophageal 
motility is important in the pathogenesis of GDV is unresolved. 

Because most people associate the stomach with food, many attempts to 

or feeding practices to GDV are available in existing literature 


to 


relate fi 

Unfortunately no study can implicate any dietary' foodstuff or specific feeding 
practice with the development of GDV. U It is highly unlikely that food is associ¬ 
ated with this syndrome. Dogs that eat rapidly and feeding dogs with a raised 

feeding bowl results in a 20% increase in large, and 50% increase in giant, breeds 


I la 


in occurrence of GDV 


A source of fluid or gas and an obstruction to emptying that prevents relief 
of gastric distention are required for the development of GDV. In young dogs 
(<6 monrlis), there is usually no abnormal quantity of gas or fluid. Instead there 

is usually overconsumption of food. In the mature animal the stomach is most 
commonly filled with gas in GDV. The source of this gas is consistent with 

aerophagia. 

Why the stomach is unable to relieve itself of this accumulation of gas is 
unknown. Normally, swallowed air leaves rapid y from the stomach. Eructation, 

emesis, absorption, or passage of the gas into the small bowel usually accounts 

for the rapid movement of swallowed air. As air is swallowed, some is refluxed 

from the stomach back into the esophagus. This air is then either belched or 

returned to the stomach via peristaltic contractions. A tightening of the distal 

esophageal sphincter in humans is knowm to elicit a feeling of fullness. When 

one feels full, aerophagia is more pronounced. Whether this happens in dogs is 

still controversial. Interestingly, with the extreme distensibility of the dog’s stom¬ 
ach, instillation of 1000 cc gas results in only slight intragastric pressure changes. 

Negative intrathoracic pressure can also suck air into the esophagus. This 

occurs if the cranial esophageal sphincter is relaxed. Normally this sphincter is 

contracted and prevents atmospheric air from entering the esophagus. The cause 

for rhis relaxation is unknown but has been noted in human patients with debil¬ 
ity or disease, stimulation of the vagus nerve below the diaphragm, or in the 

presence of hypoxia. 


12 






As the stomach dilates, a torsion of rhe distal esophagus and gastroesopha¬ 
geal junction of the stomach develops. This rotation is continued onto the 

greater curvature of the stomach towards the antrum. With increased dilatation, 
the pylorus shifts from its normal position to a dorsal, cranial, and leftward loca¬ 
tion. Experimentally this requires laxity of the gastroheparic ligament. The con¬ 
tinued dilatation results in a ventral displacement of the stomach in the abdomen 

resulting in an acute angle being formed at the gastroesophageal i unction effec- 
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tively creating a one-way valve. With further aerophagia the air is effectively 
prevented from escaping. 

As the stomach dilates, the spleen is passively dragged rightward within the 
abdomen. Eventually the splenic vessels come to lie vent rally across the esopha¬ 
gus and become partially obstructed leading to venous congestion and a second¬ 
ary splenomegaly. 

Also, as the stomach dilates it exerts pressure on the caudal vena cava. 14 
The blood in the vena cava is shunted via the ventral vertebral sinuses to the 

azygos vein and back to the cranial vena cava. Failure of some to realize venous 
occlusion is not complete has led to the false belief that intravenous fluids should 
not be administered via the lateral saphenous vein. This vein is an excellent 
place for an intravenous catheter and there is not an impediment to fluid admin¬ 
istration. Additionally, the rotation of the stomach also actively occludes the 
portal vein leading to venous congestion of abdominal splanchnic viscera. This 

occlusion promotes the onset and severity of shock. 


With the mechanical enlargement of the stomach, the intraluminal pres¬ 
sures increase and the arterial pressure to the stomach is maintained, but venous 

drainage is compromised and intraluminal vaseu 1 ar stasis results. Peristaltic activ¬ 
ity decreases with the onset of ischemic hypoxia. Severe damage to the ganglion 
cells of Auerbach’s plexus is produced. If the hypoxia is corrected within 3.5 to 

4 hours, the neurologic damage is reversible. With the increasing intragastric 
luminal pressures, injury to the gastric mucosa develops. The local hypoxia leads 
to the development of subepithelial hemorrhage and edema. Ulcers may develop, 
resulting in large areas of necrotic mucosa. 

The spleen is passively dragged with the dilating stomach. Stretch is applied 

ro the splenic vessels and eventually venous congestion results from the stretch¬ 
ing and occlusion of the vessels by the dilating stomach. The portal vein is also 

obstructed by the rotating stomach, thus retarding the venous return from the 
spleen and other abdominal viscera. With occlusion of the vasa brevi to the 

gastroepiploic and left gastric veins, gastric ulceration is augmented. 14 During 
splenic ischemia the production of coagulation factors VIII and IX is decreased 
This is of theoretical importance in the development of disseminated intravascu¬ 
lar coagulation. Torsion of the splenic pedicle can occur independently or in 

association with GDV. 

The respiratory system is also affected by gastric dilatation. In the clinical 
patient there will be an increased respiratory rate. The enlarged stomach en¬ 
croaches on the thoracic space leading to a decrease in tidal volume with an 

increased respiratory rate. This increased rate allows the minute volume to be 
maintained. As diaphragmatic excursions are further impaired by the enlarging 

stomach, inspiratory and expiratory resistance increases and pulmonary compli¬ 
ance is decreased. 

With a decrease in venous return to the heart via the caudal vena cava 
and portal circulation, the right ventricle is hampered in its ability to provide 
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this distention. Rather, it may be straw or 

hedding cover itself! Young dogs too are prone to ingest garbage materials and 
will proceed to gastric outflow obstruction. 

Some GDV dogs will spontaneously untwist their stomachs and present 

without the classical picture of shock seen in acute GDV. These are the chronic 

GDV dogs. Their histories usually include chronic vomiting, loss of weight, emc- 
tation, flatulence, and intermittent episodes of gastric distention that spontane¬ 
ously resolve. 16 Regardless, these dogs should be taken to surgery and a gastropexy 
performed. 


hay used in the dog’s hedding or the 








Most dogs with GDV have their diagnosis made on the basis of the patient’s 

usually purebred), history, and the physical 
findings of cranial abdominal distention with tympany, restlessness, abdominal 

pain, labored breathing, and shock signs. In some cases, abdominal radiography 
is helpful This is especially tnie when distinguishing the GD from the GDV 
dog. No dog should he taken to radiography until the stomach is decompressed 
via orogastric tube or gastrocentesis and intravenous fluids have been started to 
combat the dog’s state of shock. Radiography can usually confirm the diagnosis 

with plain radiographs and no radiographic contrast material. 

The radiographic view of choice is a right lateral recumbency. 17 With gas¬ 
tric volvulus, the pylorus is positioned dorsally, cranially, and to the left of 
the .tlxlominal midline and the pylorus will appear filled with gas. The stomach 
will be distended and filled with gas, and will appear compartmentalized with 
a tissue-dense soft-tissue line representing a fold in the stomach. Splenomegaly 
is often noted and the spleen is displaced to the right of the midline. Presence 
of gas within the walls of the stomach is indicative of gastric necrosis. Free 

gas within the peritoneal cavity arises from two sources: gastric perforation or 
gastrocentesis prior to radiography. Evidence of free peritoneal gas requires an 
exploratory surgical procedure. In most dogs with GD and GDV, the intestine 

is also noted to be gas filled most likely from the aerophagia inducing the gastric 
distention. 

Electrocardiographic monitoring is essential in dogs with GDV. In most 
cases there will only be a sinus tachycardia on presentation. This is undoubtedly 
due to shock and the catecholamines associated with the excitement and han¬ 
dling in the emergency room. Ventricular tachycardia represents the most com¬ 
mon abnormal rhythm but almost any arrhythmia may be seen. 

A strong association between plasma lactate concentration and outcome 
of dogs with GDV is reported. 19 ' 21 A dog with a plasma lactate concentration of 

less than 6.0 mmol/L is likely to survive, whereas a dog with GDV and a plasma 
lactate concentration greater than 6.0 mmol/L has an almost equal chance of 
either surviving or dying. The prognostic value of plasma lactate is attributable 
not only to its association with gastric necrosis, but also to its association with 
severity of systemic hypoperfusion. Hyper lac tatemia develops when the rate of 
lactate production in ischemic tissue exceeds the rate of lactate metabolism in 
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ro 30% to 35%. 5 ' 27 In dogs with gastric necrosis, the morbidity likely increases 
as a result of associated disease processes including splenectomy and preoperativc 

cardiac dysrhythmias. 6 Importantly, the age of the dog does not adversely affect 

survival following surgery. 
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common presenting complaint in veterinary 


Gastrointestinal problems 
medicine. Not only are problems like anorexia, vomiting, and diarrhea frequent 
reasons for pet owners to seek veterinary care, animals may develop gastrointesti- 
nal dysfunction as a complication of systemic illness. The gastrointestinal tract 

and liver are considered the shock organs of dogs 1 and are therefore subject to 
damage with a variety of other systemic problems. These problems tend to occur 

following states of poor perfusion and impaired oxygen delivery because the 

splanchnic circulation is particularly vulnerable to hypoperfusion. This vulnera¬ 
bility i> evident in hemorrhagic models of shock where splanchnic perfusion 

decreases rapidly and out of proportion to other major organ systems. 2 Splanchnic 

hypoperfusion and gastrointestinal dysfunction can be clinically seen as mild 
changes in appetite, anorexia, to loss of intestinal mucosal integrity, hemorrhagic 

diarrhea, enteric bacterial translocation, septicemia, and death. 

While azotemia and <>liguriaclearly indicate renal dysfunction and a >mascores 
objectively define neurologic impairment, the gastrointestinal tract has many func- 

tions that are not subject to objective clinical measurements. The gut is not just 

for digestion and nutrient absorption. It is a metabolically active, immunologically 
unique reservoir of potential pathogens. 1 However clinically difficult it may be to 
monitor splanchnic pert ision; the intensivist must remain diligent and attempt to 
diminish the risk of complications associated with gastrointestinal dysfunction. 

Of all the clinical manifestation of gastrointestinal failure, acute, hemor- 

rhagic diarrhea is one of the most serious. 4 Uncontrolled diarrhea causes massive 

fluid, electrolyte, and protein loss. Hemorrhagic diarrhea, regardless of cause, 
signals a loss of normal mucosal integrity. With loss of this barrier, normal enteric 

flora can cross into the bloodstream leading to septicemia. The combination of 
dehydration, anemia, hypoproteinemia, and septicemia reduce systemic perfu- 
sion and oxygen delivery putting the patient at risk of multiple organ dysfunc¬ 
tion. 1 The intensivist needs to address the life threatening complications of hem¬ 
orrhagic diarrhea while determining the cause. 
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and digest food, secrete enzymes 


The small intestine functions to propel 
and fluids, and selectively absorb water, electrolytes, and nutrients. Enormous 
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quantities of fluid and electrolytes are cycled through the intestine each day. 
Almost half of the total volume of extracellular fluid is secreted into the upper 

gastrointestinal tract each day, an amount that gre.it ly exceeds normal intake. 

Normal fecal water and electrolyte loss is less than 0.1% of the fluid cycled 
through the gastrointestinal tract. 1 With abnormal secretion and/or impaired 
absorption, the potential exists for massive fluid and electrolyte loss. 

Diarrhea results from accumulation of osmotically active particles in the 

intestinal tract, excess solute secretion, impaired absorption, or alterations of 

intestinal motility. It is important to review all these mechanisms as one or alt 
may occur together in the individual patient with diarrhea. 

Osmotic diarrhea results when unabsorbable solutes increase fecal water 
content. Osmotic diarrhea can result from overeating, sudden dietary changes, 
maldigestion, or malabsorption. Bacterial enterotoxins will enhance secretion. 
Bacterial pathogens that arc known to cause secretory diarrhea include Esch- 

eric/ua coli , Staphylococcus aureus , Klebsiella pneumoniae, Yersinia enterocolidca , Sal¬ 
monella typhhnurium , Campylobacter spp., and Clostridium per^nngens. 

Enteric hormones, fatty acids, and bile acids also stimulate intestinal >ecre- 

tion. Malabsorption is caused by anything affecting the mucosal or submucosal 

layers of the intestine. With damage to the mucosa, normal sodium reabsorption 
is impaired, fecal water increases, and diarrhea results. Motility changes that 

speed intestinal transit cause diarrhea. By decreasing transit time, insufficient 

water is rcsorbed and diarrhea results. Hookworm infection, canine and feline 


1.4 


1 , 4.5 


dysautonomia, and colitis have been associated with deranged intestinal mo 
tility. 1 


Of all the causes of diarrhea, the mechanism most frequently associated 

with hemorrhagic diarrhea is an increase in intestinal permeability. The normal 

mikiM ot the large and small intestine tonus a ^-impermeable barrier to control 

and movement of fluid and electrolytes while preventing the loss of larger mole- 
cules and is made up of a glycocalyx and epithelial cells. The epithelial cells are 

connected with tight junctions on their apical borders that are important in 

maintaining the integrity ot the mucosal barrier. The morphology and number 
of tight junctions in various regions of the intestinal tract alters permeability 
and absorption. While the tight junctions high in the small intestine are perme' 

able to fluid, electrolytes, and other small solutes, the barrier in the colon is 

impermeable to fluid and electrolytes. Fluid moves in a passive manner into and 
out of the small intestine, while active transport systems move electrolytes in 

the colon. Finally, the capillaries and lymphatics of the mucosa help maintain 
normal integrity by conserving plasma protein and removing absorbed fluid to 

prevent an increase in interstitial hydrostatic pressure. In addition to fluid and 
electrolyte homeostasis, the integrity of the mucosal harrier is closely guarded by 

cellular and humoral components of the immune system and the mononuclear/ 
phagocyte system of the liver. Even bile salts play a role in defense by binding 

endotoxin into detergent-like complexes within the intestinal lumen. With nor¬ 
mal intestinal integrity, a functioning local immune system and liver, fluid, and 
protein balance is achieved and the plethora of potential pathogens kept in their 

place. 
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Mild changes in intestinal permeability will permit electrolytes to flow back 

into the lumen of the bowel. Normally the enterocytes and their tight junctions 
retain electrolytes creating a gradient for the conservation of water. With the 
loss of the normal osmotic gradient, fecal water concentration increases and 
when it exceeds the absorptive capacity of the remaining bowel, diarrhea results. 
With further damage to the mucosal barrier, interstitial proteins are lost into 
the bowel. If the process extends into the lamina propria and blood vessels, more 

plasma proteins and even blood will be lost. The loss of red blood cells requires 
over a 10,000-fold increase in intestinal pore size, 1 

Increased intestinal permeability can result from epithelial erosion and ul- 

ceration, inflammation, cellular infiltration with inflammatory or neoplastic 

cells, lymphatic and imerstitial hypertension, and ischemia. Erosions and ulcer¬ 
ation can be seen with severe inflammation (inflammatory bowel disease), neo¬ 
plasia (lymphoma), and infectious diseases (parvovirus enteritis). 6 Anti-inflam¬ 
matory drugs, toxins, and excess gastrin (renal insufficiency or gastrin producing 
tumors), and mast cell tumors have also been implicated. 

Parvovirus enteritis is a common clinical problem in young (10-16 week 
old) dogs. Starting with anorexia and vomiting, the disease can quickly progress 

to severe diarrhea, dehydration, and even death. 7 - 8 Lesions begin in the distal 
duodenum, which becomes thickened and discolored. As the disease progresses, 
the jejunum becomes more severely affected. Intestinal lesions are characterized 
by necrosis of the crypt epithelium. The villi become shortened or completely 
obliterated as the virus impairs normal epithelial replacement. 9 Therapy is sup¬ 
port ive as described for all causes of hemorrhagic diarrhea. Because of the imma¬ 
turity of the parvovirus patient’s immune system, plasma replacement should be 
considered in addition to crystalloid fluid therapy and broad-spectrum antibi¬ 
otics. 


1 . 4,6 


Hemorrhagic gastroenteritis syndrome of dogs (HGE) is a unique clinical 
entity of unknown etiology that seems to be separate from other causes. The 

syndrome usually occurs in young adult dogs with a median age of 5 years. Signs 
begin with acute vomiting and rapidly progress to severe hemorrhagic diarrhea. 
Profound hypovolemia results in signs of circulatory shock and hemoconcentra- 

tion. Treatment is as previously described with antibiotics to prevent bacterial 
translocation, aggressive crystalloid fluid therapy, and colloid fluids, if indicated. 


10 








Obtunded, dehydrated, febrile animals with diarrhea should be evaluated for 
systemic disease. A complete physical examination should identify life-threaten¬ 
ing complications associated with blood and fluid loss. Priority is given to stabiliz¬ 
ing the cardiopulmonary system with intravenous fluids, supplemental oxygen, 
electrolyte replacement, and parenteral antimicrobials while a definitive diagno¬ 
sis is pursued. Increased intestinal permeability is clinically characterized by hy- 

poproteinemia, melena, and hematochezia. M A complete blood count should 
always be evaluated. Animals with idiopathic hemorrhagic gastroenteritis may 
have packed cell volumes as high as 75%. Severe intestinal blooc loss can lead to 
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anemia and panhypoproteinemia. Infection with either Salmonella spp* or canine 

parvovirus is associated with neutn>{>enia. Leukocytosis with lymphopenia and 
eosinopenia (stress leukogram) is a common finding in any debilitated animal 

with gastroenteritis. A normal leukogram in a sick animal with gastrointestinal 

disease should prompt an ACT! 1 stimulation test to evaluate possible adrenocor- 
tical insufficiency. 

A complete serum biochemical profile is necessary to evaluate other organ 
systems. Glucose should be checked on admission and at least once a day thereaf¬ 
ter to detect hypoglycemia associated with sepsis. Electrolytes including sodium, 
chloride, potassium, and magnesium can drop precipitously in anorectic animaU 
with diarrhea. Hyperkalemia with hyponatremia is another indication of adreno¬ 
cortical insufficiency, but these changes can also he seen with whipworm ( Trie - 
hurls vulpis) infections. Hypocholesterolemia is another common finding with 
hypoadrenocorticism. Samples for baseline renal function including BUN, creat¬ 
inine, phosphorous, calcium, and urine specific gravity should be col lected before 
intravenous fluid therapy begins. 

Examination of feces is indicated in any diarrheic state. In one study, infec¬ 
tious agents were identified in over 25% of dogs presenting to a veterinary teach¬ 
ing hospital with diarrhea. 11 Direct fecal examination should he performed, as 
should zinc sulfate flotation. Some parasites, Giardia spp. and Trichuris, may be 

difficult to find Si) multiple examinations should be performed. Using a saline- 

moistened swab, a thin smear of feces is rolled onto a glass slide. The slide is 

air dried and stained with a Romanowsky-type stain. The smear is examined for 
abnormal numbers of inflammatory cells, abnormal populations of bacteria or 
Clostridium perfringens spores. Acid fast staining is useful to pick out Campylo¬ 
bacter jejuni. Enzyme linked immunosorbent assays (ELISA) are available to de¬ 
tect canine parvovirus, Giardia spp., and Cryptosporidium parvum antigens. The 

canine parvovirus ELISA test will detect the feline panleukopenia parvovirus. 

Electron microscopy can be used to identify other viral pathogens in the stool. 

Fecal culture is indicated in animals with inflammatory changes on the fecal 

smear. Pathogenic and zoonotic bacteria causing enterocolitis include Salmonella 

spp., Campylobacter jejuni , Shigella spp., and Yersinia enterocolitica . i hese species 
are of particular concern for hospitalized patients, in multi-animal households, 
kennels, and homes of immunocompromised individuals. 11 At least 3 grams of 
fresh stool should be collected for culture. 






There are enough serious, predictable, systemic complications of acute hem¬ 
orrhagic diarrhea to warrant immediate supportive care. Animals with acute gas¬ 
troenteritis have often been fasted for 12 to 48 hours and then fed small amounts 
of a low-fat diet for several more days. 1 The absence of nutrients in the gastroin¬ 
testinal tract reduces secretions and decreases the concentration of osmotically 
active particles. For this reason, fasting seems a logical step for secretory and 
osmotic diarrhea. When fasting animals with acute gastrointestinal disease it 
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is important to remember that the gastrointestinal tract receives much of its 

nourishment from food passing through the bowel. Early feeding of patients with 
diarrhea may make more sense in those cases with increased mucosal permeabil- 
ity. Enteral feeding maintains greater mucosal barrier integrity and helps mini¬ 
mize malnutrition. 12 Experimental studies have shown that antibacterial host 

defenses! such as lymphocyte, neutrophil, and gut-associated immune functions 
are better preserved in enterally fed humans and animals. 0 A study with human 

volunteers demonstrated impaired neutrophil function, an exaggerated catabolic 

hormone response and increased cytokine production after endotoxin challenge 

in subjects receiving total parenteral nutrition and complete bowel rest for 7 
days when compared to subjects receiving an enteral diet. M Glutamine is the 
main metabolic substrate exerting trophic effects on enterocytes supporting their 

normal function. Primarily extracted via luminal absorption, enough glutamine 
is also synthesized in the normal gut to be considered a non-essential amino 
acid. However, during states of illness, this synthetic ability is inadequate to 
meet these metabolic needs of the enterocytes. Mucosal integrity may require 

glutamine supplementation to form and repair intracellular tight junctions. ( lu- 
tamine is also important in the synthesis of the protective mucus gel layer and 

is an essential nutrient for proper cellular immune functions. 0 Dosages for gluta¬ 
mine supplementation have been extrapolated from the human literature. The 

recommended dose for dogs with hemorrhagic diarrhea secondary to parvovirus 

enteritis is 0.5 g/kg/day divided BID in the drinking water. 8 
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Parenteral fluid therapy is aimed at restoring lost fluids (dehydration', pro¬ 
vided normal requirements (maintenance) and, importantly, keeping up with 
ongoing losses. While oral fluid therapy may be adequate for simple diarrhea in 
a hydrated animal, animals with marked dehydration or hemorrhagic diarrhea 
should have an intravenous catheter to receive parenteral fluids and antibiotics. 
Fluid therapy must be individualized for each patient based on acid base status, 

electrolyte concentrations, plasma protein concentrations, and packed cell vol- 

as these can be highly variable in patients with diarrhea. Choices of which 

crystalloid fluid to use, the use 

or synthetic colloids should be based on serial physical examination, monitoring 

of packed cell volume, serum total solids, and electrolyte concentrations. 

In severely dehydrated patients, fluid therapy is started with an isotonic 
cr stalloid fluid at rates up to 90 mL/kg/hour in the dog and 45 mL/kg/hour in 
the cat. Rapid administration of crystalloid fluids will expand the intravascular 

space. However, within an hour, 75% to 85% of the infused crystalloid will have 

moved out of the vascular space and into the interstitial fluid compartment. 0 
^atients with gastrointestinal protein loss will already have low plasma oncotic 
pressures. With crystalloid fluid resuscitation, plasma oncotic pressure is further 

reduced. Colloids are indicated to expand and maintain intravascular volume 

in hypovolemic patients with reduced plasma oncotic pressures. The choice of 
colloid depends on the source of protein loss and the need for other blood pro¬ 




of whole blood, packed red blood cells, plasma 
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1. Common Antibiotic Protocols 


Cephoxitin (22 mg/kg IV TID) 

Enrofloxacin (5-10 mg/kg IV BID) and ampicillin (22 mg/kg IV BID to TID) 

Amikacin (20 mg/kg IV once daily) and ampicillin (22 mg/kg IV BID to TID) 
Gentamicin 6.6 mg/kg IV once daily and ampicillin (22 mg/kg IV BID to TID) 
Trimethoprim-sulfadiazine (30 mg/kg SQ BID) 


reins. In addition to oncotic support, fresh frozen plasma transfusion can provide 
albumin, amino acids, coagulation precursors, and anticoagulants (protein C and 
antithrombin III ). 17 Synthetic colloids, such as hydroxyethyl starch, are less ex¬ 
pensive, easier to store, and provide more cardiovascular support than albumin. 18 
When the goal is improved plasma oncotic pressure, hetastarch and Dextrans 70 
provide more predictable oncottc support than plasma in patients with ongoing 
protein loss. 16 




Resident microbial flora in the intestinal tract include anaerobic bacteria 

which outnumber the aerobic gram-negative organisms 100 to 1000 times. 3 Be¬ 
cause the anaerobic flora occupy the mucous layer adjacent to the epithelial 

cells their presence can prevent the adherence of other potential pathogens. 

Antibiotic therapy should not simply target the anaerobes. Instead, the clinician 
should employ a balanced approach tou r ard both gram-negative and anaerobic 

pathogens (Table 51-1). The use of antibiotics is controversi.il w f irh simple diar¬ 
rhea. However, with severe hemorrhagic diarrhea, the clinician must assume 
the patient has a serious loss of intestinal mucosal integrity and parenteral bac¬ 
tericidal antibiotic therapy is indicated. The goal of antibiotic therapy is aimed 

at eliminating enteric bacteria that have passed through the mucosa, entered 
the bloodstream, and possibly taken up residence in distant organs like the liver. 
Care is taken to provide coverage for both gram-negative pathogens and anaero¬ 
bic bacteria. Gentamicin should be used with extreme caution in dehydrated 

or hypokalemic animals. Trimethoprim-sulfadiazine is only bacteriostatic and 
therefore is only recommended for mild cases without signs of systemic disease. 
Animals with fecal cultures positive for bacterial pathogens may be treated ac¬ 
cording to the sensitivity pattern of the culture. Animals with positive bl 
cultures should have an antibiotic plan chosen based on the organisms identi 

fied. 




Ai ilgesia should be considered in patients showing signs of abdominal pain. 

Objective serial monitoring of critically ill patients is necessary 1 when pain is 

appropriately treated. Nonsteroidal and steroidal anti-inflammatory drugs may 
complicate gastrointestinal hemorrhage by inhibiting the production of normal 
protective prostaglandins. Narcotic analgesics can be used as long as respiratory 
and pulmonary function is monitored. 
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Acute Hemorrhagic Diarrhea I 

Animals with acute inflammation of the gastrointestinal tract ma be ex 

tremely nauseous. Nausea may manifest clinically as anorexia, hypersalivation, 
or emesis. Anti-emetic drugs can provide a degree of relief not offered by fluids 
or analgesics. Metclopramide by continuous infusion at 1 to 2 mg/kg/day is the 
preferred agent at our hospital. Other anti-emetics include chlorpromazine (0.2 

to 0.4 mg/kg 1M or SQ TID to Q1D) and ondansetron (0.1 mg/kg IV or PO 

TID). Chlorpromazine is an alpha-blocker and should be used in caution with 
hypovolemic patients. 
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The prognosis for patients with acute gastrointestinal hemorrhage is dependent 
on etiology and the presence of concurrent organ dysfunction. Young dogs with 
HGE syndrome generally respond quickly to volume replacement and have an 
excellent prognosis. 10 Parvoviral enteritis can produce severe dehydration, shock, 
and multiple organ failure. With aggressive supportive care, survival rates of 5% 
to 12% have been reported. 119 Morbidity and mortality for other causes of acute 

gastrointestinal lemorrhage depend on the primary cause, the presence of bacte¬ 
rial translocation and sepsis, and concurrent organ failure. The challenge to the 
intensivist is to replace lost fluids, electrolytes, and proteins while preventing 
septic complications. It is vital to monitor major organ function, and treat the 
primary disease and secondary organ dysfunction in a timely manner. 
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Canine pancreatitis is subdivided into chronic and acute forms. 1,2 Chronically 
recurring mild pancreatitis results in intermittent vomiting and anorexia; this 
syndrome can lead to progressive pancreatic glandular damage and eventual ful¬ 
minant acute pancreatitis. 1,2 Because this text is focused on critically ill patients, 

the remainder of this section will be directed toward the acute form of pancre¬ 
atitis. 


Pancreatitis is a diagnostic challenge. A combination of history, clinical 
, laboratory abnormalities, and diagnostic imaging studies is necessary to 


signs 

arrive at a correct diagnosis. Pancreatitis is also a therapeutic challenge. The 

high incidence ot ^condary complications can lead to high mortality rates if 
one is not careful in monitoring and aggressively anticipating and treating com¬ 
plications. 




The most widely accepted theory in the development ot acute pancreatitis is 
that pancreatic digestive enzyme activation occurs within the gland, resulting 

in autodigestion. Normally, autodigestion is prevented by pancreatic storage of 

digestive enzymes as inactive zymogens, which are activated once enzymatic 
cleavage of a peptide bond occurs. 14 Activation occurs within the small intesti¬ 
nal lumen as a series of events. The mucosal enzyme enrerokinase, which is 

produced by duoden tl enterocytes, cleaves trypsinogens to make trypsins. 1 " 4 The 

physical separation of enterokmase (within the duodenum) from the zymogen, 

rrypsinogen (within the pancreas\ is one protective mechanism against auto- 
digestion. 4 Trypsins, in turn, activate other zymogens, including chymotrypsino- 
gen, proelastase, procarboxypeptidases A and B, procolipase, and prophospholi¬ 
pase A. M Protection against autodigestion is also achieved by sequestration and 

separation of digestive enzymes and lysosomal enzymes within the lumen of the 

pancreatic rough endoplasmic reticulum. 14 The two remain separated as lyso¬ 
somal enzymes are incorporated into lysosomes and pancreatic enzymes into zy¬ 
mogens, which prevents intrapancreatic activation of zymogens by lysosomal 


14 


proteases. 


If intra pancreatic activation of trypsinogen occurs, defense mechanisms 
limit autodigestion. The first defense is the ability of trypsin to self-hydrolyze. 


U 
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The second is trypsin inhibition by low- molecular-weight pancreatic secretory 
trypsin inhibitor, a substance released by pancreatic acinar cells. 1 * Finally, the 
plasma protease inhibitors c^macro^lobulin (a 2 -M) and a^protease inhibitor 
(otr antitrypsin) bind with any digestive enzymes that ate released into circular 

tion to prevent widespread systemic damage. 

With pancreatitis, there is activation of pancreatic enzymes with lysosomes 
and zymogen granules fusing in the acinar cells, resulting in autodigestion . 14,6 It 
I s thought that abnormal segregation of lysosomes and zymogens may be response 

hie for thi' process . 1 * 2 Autodigestion results from the action of proteases and 

activated trypsin on pancreatic tissue. Trypsin activates other zymogens, which 
furthers pancreatic inflammation . 1 * 6 Once autodigestion begins, inflammatory 

mediators, tree radicals, and other vasoactive substances perpetuate the progress 

sion of disease . 1 * 6 Inflammatory mediators are directly injurious to pancreatic 

t issue, resulting m more damage, and increased enzyme activation and release. 

Free radical damage is primarily mediated by peroxidation of lipid membranes. 
Peroxidative damage to endothelial cells and vascular injury by phospholipase 

Ai and elastase results in increased capillary permeability and pancreatic edema. 
As pancreatic digestive enzymes are activated, edema progresses to hemorrhagic 
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Figure 52-1 

Pathogenesis of acute pancreatitis in the dog. 
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or necrotic pancreatitis. 126 Pancreatic digestive en ytnes are released svstemically 

as additional damage occurs. 146 Plasma protease inhibitors are overwhelmed, re- 
suiting in venous pooling, vascular compromise, hypotension, hypovolemia, and 

multisystemic organ damage as the inflammation spreads. 6 Activation of the lei- 
nin, coagulation, fibrinolytic, and complement cascade systems may lead to 
shock and disseminated intravascular coagulation (DIC) 1 * (Fig. 52-1). 
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Many etiologies have been proposed for the pathogenesis of pancreatitis; how¬ 
ever, the underlying cause remains largely unknown. 1 * 5 Potential etiologies in¬ 
clude nutritional factors, drugs and toxins, biliary duct obstruction, abdominal 

or surgical trauma, pancreatic ischemia, and infectious causes. 16 Classically, pan¬ 
creatitis is associated with the ingestion of a high-fat meal or dietary indiscre¬ 
tion. 17 Concurrent endocrinopathies such as diabetes mellitus, hyperadrenocorti- 
cism, and hypothyroidism are risk factors for the development of fatal acute 
pancreatitis. 7 A prior history of gastrointestinal disease is also a risk factor for 

the development of fatal acute pancreatitis. 7 
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Obesity has been recognized as a predisposing condition leading to pancre 


atitis. 8 The presence of appropriate clinical signs in an obese patient raises 

the index of suspicion for pancreatitis. Because the pancreas responds to dietary 
influences, certain t \pes of nutrients are more highly associated with the develop¬ 
ment of pancreatitis than are others. Classically, high-fat, low-protein diets are 
associated with the development of pancreatitis. 17 This is probably due to the 

action of lipase on high levels of triglyceride in pancreatic capillaries resulting 
in the production of toxic fatty acids. ' Hyperlipidemia syndromes are also associ¬ 
ated with pancreatitis. 18 Idiopathic hyperlipidemias occur in miniature Schnau- 

zer dogs. 1 * 19 It is possible that underlying endocrinopathies that result in hypertri¬ 
glyceridemia may predispose to the development of pancreatitis through this 
mechanism. 7 Hyperlipidemia, however, may also be the end result of pancreatitis, 
due to peripancreatic mesenteric fat necrosis, rather than an inciting cause. 


13 








> i 






jHh_J 


L J 




Drugs that have been associated with pancreatitis in veterinary medicine 
include the thiazide diuretics, furosemide, estrogens, azathioprine, L-asparagi- 
nase, sulfonamides, tetracyclines, metronidazole, cimetidine, ranitidine, acet¬ 
aminophen, procainamide, and nitrofurantoin. 1 * However, reports are only anec¬ 
dotal and no cause-and-efifect relationship has been proven. 15 Corticosteroids 
and H 2 -receptor antagonists also have been associated with pancreatitis. 1 * 2 Cho- 
linesterase inhibitor insecticides and anticholinergic or cholinergic drugs may 

overstimulate the pancreas and result in pancreatitis. 1,2 * 4 Overstimulation may 

also occur with hypercalcemia and scorpion stings 
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Any cause of pancreatic duct obstruction may lead to pancreatic inflamma¬ 
tion and edema. u Reflux of duodenal contents through the pancreatic duct leads 
to severe acute pancreatitis. 1,2 46 This is a resu t of the direct action of enteroki- 

nase, activated pancreatic enzymes, bacteria, and bile on the pancreatic tissue. 

Associated conditions include protracted vomiting, duodenal trauma, or any dis 
ease process resulting in abnormally high duodenal pressures sufficient to over 
whelm the sphincter of the pancreatic duct’s opening 


1.2 


1 . 2.4 


Surgical manipulation or biopsy of the pancreas may result in clinical pan 


creatic tissue or biopsying the pancreas is minimal. 1,2 * 4 Direct trauma to the pan¬ 
creas resulting from abdominal injury is a rare cause of pancreatitis in veterinary 

medicine. 12 Pancreatic ischemia secondary to hypovolemic shock or anesthesia 

may result in pancreatitis, and failure to maintain adequate volume in cases of 

clinical pancreatitis may worsen clinical signs and delay recovery 


14 


Bacterial infection is not usually a primary cause 

concurrent sepsis may worsen the severity* of the disease. 1,2 This may occur as a 
consequence of pancreatitis and loss of intestinal mucosal integrity, resulting in 
bacterial translocation. 

media for bacterial growth. 5,4 Viral and protozoal causes of pancreatitis have been 

reported. 


of pancreatitis; however, 


1 . 2.8 


a suitable 


1.2 














1 iistorical findings in cases of canine 

sion, anorexia, vomiting, weakness, diarrhea, dehydration, abdominal pain, and 
fever. 14,8 Ingestion of a dietary indiscretion or fatty meal supports a 
pancreatitis; however, many cases have no 
velop pancreatitis are over 5 years old. 


s 


f 


osis of 


t .2.4,6 


1 . 2 , 6.7 


Polyuria, polydipsia, and weight loss may accompany the c inical signs of 
pancreatitis due to concurrent diseases such as diabetes mellitus. 8 The dog may 

assume a praying position due to abdominal pain. 1246 






The dog is likely to he obese on physical examination. 6,8 Dehydration is a 

severe cases, hypovolemic 


result of anorexia 


and protracted 
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Historical Findings 

Anorexia 

Vomiting 

Weakness 


Dehydration 
Abdominal pain 
Obesity 


97 % 


91 % 


58% 


90% 


79 % 


Painful abdomen 


59 % 


32 % 


26 % 


Diarrhea 


33 % 




Heart murmur 
Coagulation abnormalities 

Petechiation 

Ecchymoses 

Epistaxis 

Bruising 

Hematoma 
Harsh lung sounds 

Hypothermia 


20 % 


Melena 


16% 


11 % 


Seizures 


11% 


Weight loss 


11% 


Hematemesis 


10 % 


11 % 


Hematachezia 


4% 


7 % 


Adapted frorr Hess RS, Saunders HM, Van Winkle TJ, eta/.. Clinical, dinicopathologic, radiographic, 

and ultrasonographic abnormalities in dogs with fatal acute pancreatitis: 70 cases (1986-199S), J 

Am Vet Med Assoc 213:665, 1998 


shock. These result in clinical signs such as tachycardia, weak and thready pulses, 

cardiac dysrhythmias, and collapse. If significant bile duct compression is a conse- 

quence of pancreatic inflammation, icterus may be noted. 1 i,6A9 Abdominal effu- 

sion and a palpable mass or mass effect within the right cranial quadrant of the 

abdomen may be present 1 "’ 6 (Table 52'1). 


A complete blood count usually reveals an inflammatory leukogram charac¬ 
terized by leukocytosis and neutrophilia with a left shift. 1 ’ 4 * 6,8,9 Severe cases with 

overwhelming infection, endotoxemia, or shock may have a degenerative left 
Nliitt. ,,7,9 Hemoconcentration is usually present with dehydration. 1 * 4 Thrombocy¬ 
topenia is present with D1C. 2 * 4,8,9 


Azotemia (increased serum urea nirrogen, creatinine, and phosphorous) re¬ 
sults from dehydration or from acute renal failure due to hypovolemia, sepsis, 
lipid thrombi, or microthrombi associated with DIG. 1 * 4 * 6,8,9 Liver enzymes and 
total bilirubin are increased due to direct hepatotoxicity of systemic# 11 \ released 

activated pancreatic enzymes, hypovolemia resulting in heparic ischemia, or sec¬ 
ondary to cholestasis associated with biliary duct compression due to pancreatic 
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inflammation. M 6,69 Hyperglycemia develops in cases of acute necrotizing pancre- 

atitis due to hyperglucagonemia and release of cortisol and catecholamines, or 

from the development of diabetes mellituis. 
as a result of insulin therapy or sepsis. 8 Hypoalbuminemia results from third' 
space losses. 48 Hypocalcemia (once corrected for hypoalbuminemia) may result 
from fat breakdown by pancreatic lipase and calcium soap deposition, 1,2 6 by shift' 
ing of calcium into soft tissues such as muscle due to alterations in cell mem- 

branes, 4 or by altered levels of thyrocalcitonin and parathyroid hormone. 4 Hyper- 

calcemia may occur more commonly than hypocalcemia. 8 Hyperlipidemia, 

hvpertriglyceridemia, and hypercholesterolemia are common. 
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l 4,6,8,? 


Hypoglycemia may also occur 


I *4,6,8.9 


Him 




Kj 


Hy ; >ersenthuria may be noted due to dehydration; isosthenuria or hypos- 
thenuria and the presence of tubular casts in the urine sediment may be noted 
secondary to the development of renal failure.*' 4,8 Glucosuria and bilirubinuria 
mav be present.* 4 Ketonuria indicates the presence of concurrent diabetic keto¬ 
acidosis. 8 
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The reported radiographic findings are seldom seen clinically, and a diagno¬ 
sis made solely on radiographic signs should be approached with caution. The use 

of abdominal radiographs in the patient with pancreatitis enables the clinician 

to rule out other etiologies leading to acute vomiting, such as gastrointestinal 
obstruction. 


Radiographic findings may include a mass effect in the right cranial quad- 
rant of the abdomen, displacing the stomach to the left and cranially, the duode- 
num to the right, the transverse colon caudally, and increasing the distance 
between the proximal duodenum and pylorus. 1 j4,6,8,n Generalized ileus is often 
seen; a gas-distended proximal duodenum may also 1 noted. 

dominal detail due to presence of fluid within the peritoneal cavity may be 

A ground-glass appearance or presence of gas pockets in the peripan- 


1-4.6 All 


Loss of ab 


seen 

creatic area is also suggestive of pancreatitis. 14,6,11 Dual effusions in the abdomen 
and thoracic cavity may be noted. 

Because diagnosis based on radiographs is difficult, the use of abdominal 
ultrasound is recommended. A recent retrospective of necropsy-verified acute 

pancreatitis found that radiographs are consistent with pancreatitis 24% of the 
time, whereas ultrasound is consistent 68% of the time. 


8.9,12 






■ iH 






Ultrasound can be used to document pancreatitis and may help to differenti¬ 
ate pancreatitis, pancreatic neoplasia, pancreatic pseudocysts, and pancreatic ab- 

Ultrasonographic findings suggestive of pancreatitis include a 




i 


sc esses 

mixed echogenicity or a mass effect in the area of the pancreas, fluid-filled areas 

within the pancreas, a fluid- and gas-filled descending duodenum, a thick-walled 
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Figure 

Ultrasonographic appearance of pancreatic adenocarcinoma. 


pancreatic diseases (neoplasia) may lead to extrapancreatic sources of enzyme 
production or decreased excretion, 
falsely elevated due to glucocorticoid administration 11,6,914 and after abdominal 

Amylase and lipase can be measured from recovered aWominal fluid 


1 4.M.9.1S.I6 


Amylase and lipase may also be 


12 


surgery 

ro aid in the diagnosis of pancreatitis. 1,4 ' In pancreatitis, the activities of these 

enzymes in recovered abdominal fluid are dramatically higher than serum. 

Serum phospholipase A i levels are high in cases of pancreatitis due to sys- 
temic release of activated pancreatic enzymes. Phospholipase A 2 assay has similar 
drawbacks to amylase and lipase determin tion, including lack of sensitivity and 
specificity 


1.2 


Trypsindikc immunoreactivity (TLI) is pancreas specific enzyme which 
originates from pancreatic and extrapancreatic tissues. 1 * 2 6,9 * l7,ia TLI measurement 
in canine pancreatitis is helpful because it rises sooner and to a greater degree 

than amylase and lipase activities. 

correlate v uh severity of disease. 1 " TLI may also be increased due to decreased 

excretion with renal failure or dehydration. 1,4 * 9 Reduced levels of a^M and otr 

antitrypsm have been documented in cases of pancreatitis, although testing for 
these is not widely available. 46 

Clotting times should be performed in all suspected cases, especially if 

tlmmibocytopenia is present. Prothrombin time, activated partial thromboplas' 
tin time, activated clotting time, and fibrin degradation products nay all be 
prolonged or elevated in pancreatitis cases.* 9 It is important to serially monitor 


1X6.17 


The magnitude of TLI elevation may 
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The liver is a complex organ that is essential to vital metabolic functions of 
every animal. 'Hie functions of the liver include pivotal roles in protein, carbo¬ 
hydrate, and fat metabolism; detoxification and excretion of toxins, toxicants, 
and drugs; formation and elimination of bile; and a central role in the formation 

of most coagulation factors. The liver has a tremendous reserve capacity (70%- 

80% functional mass) and a remarkable capacity for regeneration. Because of 

this large reserve capacity, the clinical signs of liver disease tend to become 
apparent only when the reserve capacity becomes exhausted. With the vast 
number of possible diseases of the liver and secondary involvement from sys¬ 
temic disease, it is impossible to hilly discuss hepatic pathophysiology in the 
space allowed. Instead this chapter focuses on the pathophysiology and treat¬ 
ment of acute and chronic hepatic failure as an emergency and intensive care 
condition. 

The approach and management of severe hepatic disease is often deter¬ 
mined by the onset of the disease. Classifying a patient with severe liver disease 

as having acute or chronic disease carries many diagnostic, therapeutic, and prog¬ 
nostic implications. The clinical syndrome of acute liver failure (/ LI ) occurs 

when the liver rapidly becomes functionally impaired and is unable to perform 
its synthetic and excretory homeostatic roles without prior evidence or history 

of liver disease. Acute hepatic failure is a true medical emergency because of the 
rapid onset and clinical progression as well as the high mortality rate associated 
with the disease. The clinical outcome of ALF and the subsequent ability of 

liver to regain its functional roles depends on rapid and aggressive supportive 

care. 




3 


The most frequent etiologies of severe liver disease are listed in Table 53-1 
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Infectious agents are a well known but uncommon cause of severe liver 

disease and liver failure in the veterinary patient. Viral hepatitis has largely been 
eliminated with routine vaccination programs for canine type 1 adenovirus. Cats 
may present in severe hepatic failure due to pyogranulomatous inflammatory 
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cell infiltrate associated with feline infectious peritonitis (F1P). Severe bacterial 
related liver disease is seen most commonly with leptospirosis, Tyzzer disease 

(fLinilio pili/ormis), or clostridial infections. The incidence of fungal hepatic in- 

fections is variable by geographic location (see Table 53-1). Dirofilaria immitis 

can lead to acute hepatic necrosis by causing severe hepatic congestion and ob- 
struction of blood flow in a case with caval syndrome. Disseminated toxoplasmo- 

sis, babesiosis, and cytauxzoonosis are the protozoal diseases most often associated 
with liver failure. Rickettsial organisms have infrequently been associated witl 

liver failure in rhe dog. 
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Organic chemicals/biotoxins/toxicants, anesthetic agents, and even antibi¬ 
otics can and have caused hepatic necrosis and failure (see Table 53-1). Idiosyn¬ 
cratic drug reactions and direct toxicity have resulted in ALF in both dogs and 
cats; although drug reactions account for 25% of the cases of ALF in humans 

incidences in the dog and cat are unknown. Agents that have been implicated 

in producing ALF include acetaminophen and diazepam in the cat and carprofen 
and thiacetarsemide in the dog. 










Acute liver failure can result from hepatic infiltration with neoplastic cells 

inflammatory cells, or lipid. Indeed, the most common cause of ALF is extensive 

infiltration of neoplastic cells such as lymphoma. Hepatic lipidosis is both an 
infiltrative and a metal olic disease. This disease is commonly seen and undoubt¬ 
edly is the most common cause of potentially reversible ALF in the cat. 
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Reduced blood flow can lead to massive hepatic ischemia, cellular necrosis, 

and organ failure. Severe shock, right-sided heart failure, thrombosis, neoplasia, 

and vascular anomalies are the most common reasons for arterial or venous occlu¬ 
sion or restricted blood flow. 
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Acute copper-associated liver disease is seen frequently in Bedlington Terri¬ 
ers and has been associated with acute hepatic failure. Copper accumulation 
occurs over a long period and the dogs are usually asymptomatic until hepatic 

copper levels reach high evels (>2000 ppm). 

Hepatic lipidosis occurs in both dogs and cats; the incidence is higher in 
cats. The condition results from intracellular accumulation of lipid when an 

imbalance exists between the rates of deposition and mobilization of hepatic fat. 

The end result is a progressive hepatic dysfunction leading to severe intrahepatic 
cholestasis and generalized hepatic failure. 
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Portosystemic shunting of bkxxl via either congenital or acquired vascular 
connections between rhe portal and systemic circulations is an important cause 
of severe liver disease and may produce signs of hepatoencephalopat hy in the 
dog and cat. The reader is referred to chapter 54 for further information. 




lepatocellular degeneration is a common response to inflammatory, toxic, 
metabolic, and ischemic insult. The mechanisms that lead to cell necrosis and 
cell death are not completely understood. Postulated mechanisms include hyp¬ 
oxia, free radical exposure or generation, membrane lipid peroxidation, depletion 
of essential inrracellular compounds, intracellular toxin production, toxin bind¬ 
ing to IWA and RNA, cholestatic injury, as well as direct effects of endotoxin 
or viral, parasitic, and immune complexes on the hepatobiliary system. These 
factors all play a role in possible liver diseases that produce cellular dysfunction, 

cell death, and ultimately organ dysfunction. 

The liver does have a unique capability of rapid regeneration following 

injury. The liver has the capability to regenerate large sections that may become 
damaged if the reticular framework is not destroyed in the disease process. Al¬ 
though the healing mechanisms anti compensatory regrowth of injured tissue is 
poorly understood, it is known that the regenerative process involves the com¬ 
plex and interlinked functions of hypertrophy and hyperplasia. This connective 

tissue stroma acts as a foundation to support the regeneration of hepatic paren¬ 
chyma. 


The following categories reflect the functional parameters the liver regulates 
under normal conditions and changes associated with severe liver disease. 


The liver has a central role in carbohydrate metabolism, acting to maintain 
normal blood glucose concentrations in the fasting state. Hepatic gluconeogcne- 
sis and glycogenolysts are key metabolic steps to achieve glucose homeostasis. 

Gluconeogenesis and glycogenolysis are stimulated via glucagon, epinephrine, 
and corticosteroid release and are inhibited hy insulin. Depleted glycogen re¬ 
serves lead to protein catabolism for gluconeogenesis. 

Hypoglycemia is frequently a complication of acute hepatic failure. Signs 

of hypoglycemia will only appear when 70% or more of the functional hepatic 
mass is lost. 


Lid 


The liver has a lipogenic role in the conversion <. >f fatty acids to triglycerides. 

The liver can regulate the metabolic fate of lipids and can also determine storage 
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ing tendency, jaundice, fever, and ascites. Signs of HE often predominate and 

are demonstrated as depressed menace reflex, mentation changes, visual deficits, 

circling, pacing, ptyahsm, anxiety, seizures, head pressing, stupor, or coma. The 
signs of HE may be interspersed with periods of normal behavior and mentation. 
Findings of weight loss, ascites, jaundice, anorexia, and microhepatica are more 
typical findings of chronic liver failure. 




Mild to moderate anemia is common and often due to hemorrhage or eryth- 

ropoiesis failure. \\ hen the patient is anemic and icteric, icterus must be sepa- 
rated from hemolysis. An icteric patient with regenerative anemia and normal 

plasma proteins is likely in a hemolytic crisis rather than hepatic failure. Poikilo- 

cytosis is a common finding in dogs and cars with hepatic disease. Microcytosis 

is a common finding with PSS. Cats frequently display acanthocytes and dogs 
display target cells on peripheral blood smears. The white bl 

vary from high in an acute or active inflammatory process to low in sepsis. Plate' 
let count can also vary from normal to low it the platelets are consumed in 

excessive hemorrhage or PiC. 


cell count can 




Liver enzyme levels are used as a primary screening test to detect liver dis- 
. Due to its many integral timetions, the 1 1 inical and laboratory abnormalities 

associated with liver disease are diverse and no single diagnostic test has 100% 
sensitivity and specificity for hepatic disease. Abnormal values for liver enzymes 

are a key feature in linking the liver to clinical signs, although increases in liver 

enzyme activity are often not specific for the underlying hepatic disorder. Com¬ 
monly measured enzymes are alanine aminotransferase (ALT), aspartate amino¬ 
transferase (AST), alkaline phosphatase (ALP), and y-glutamyltransferase 

(GGT). An important note to remember is that liver enzyme levels do not evalu¬ 
ate liver function. The level of enzyme increase may he proportional to the 

number of cells involved, but severe chronic hepatic dysfunction can exist with 

normal liver enzyme activity. Conversely, high liver enzyme levels can he seen 

in patients without appreciable hepatic dysfunction. An increase in serum ALT 
levels is associated with hepatocyte injury and leakage of die enzyme from the 

cytoplasm; the magnitude of the increase correlates with the number of hepato- 

cytes injured. For example, large increases in ALT are often associated with 
hepatocellular necrosis and inflammation; moderate increases are associated with 

hepatocellular leakage induced by hypoxia, second try to cholestasis, anticonvul¬ 
sant therapy steroid hepatopathy. In hepatic injury, both ALT and AST are 

concurrently increased; elevation in Kith enzyme levels serv es as a more sensitive 
index of hepatocyte injury than either value alone. ALP and GGT are mem¬ 
brane-bound enzymes in the biliary epithelium; the activity of each of these 
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normal, or small (microhepatica). Normal to large liver size is more commonly 
associated with acute processes, whereas microhepatica tends to occur with 
chronic hepatic disease and cirrhotic changes. 




Ultrasound examination may he used to noninvasively assess parenchymal 
abnormalities, mass lesions, evaluate the status of the gallbladder and biliary 

tract, and assist in the diagnosis of vascular lesions. Information gained from 

abdominal ultrasound may allow the determination of hepatic and extrahepatic 
involvement in the disease process. Ultrasound also is a useful tool to improve 

safety for hepatic biopsy. 
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Abdominal fluid obtained from an animal with hepatic disease can be help¬ 
ful in determining a diagnosis. The sample is usually evaluated tor total protein 
content, nucleated cell count, and cytologic evaluation. The typical ascitic fluid 

associated with liver disease is a transudate (protein ^2.5 g/dL and <2500 cells/ 

4 L). The fluid may become a modified transudate (protein ^.5 g/dL) if the dis¬ 
ease process involves severe hepatic venous congestion or obstruction of the 

vena cava. The fluid may have an exudative character in cases of biliary tract 

rupture, hepatic abscess, parenchymal trauma, FIP, or neoplasia. Cytologic evalu¬ 
ation and biochemical testing for bilirubin may help diagnosis. In contrast to 
dogs, cats with severe liver disease rarely form ascites. 
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A suspected infectious agent may be identified via serologic testing. The 
test results often can take several days and may be falsely negative depending 
on the diagnostic accuracy ot the test and stage of the disease. 




Histopathologic elevation can establish a cause 

process is acure or chronic, and provide the clinician with valuable prognostic 

information. 

Evaluation of coagulation parameters and platelet counts should be per¬ 
formed on every patient before to attempting a liver biopsy. Biopsy samples 
should be handled carefully and prepared for cytology, histopathology, culture, 
and copper analysis as indicated. Samples should be packaged and shipped ac¬ 
cording to supporting pathology department instructions. 

This technique is the easiest to accomplish. 

Generally, FNA is pet formed blind but can be performed with ultrasound guid¬ 
ance to yield a more representative sample. FNA can provide information about 
diffuse infiltrative disease such as hepatic lipidosis, neoplasia, and inflammation. 


determine i the isease 
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However, it does have the potential to seed tumor cells into the abdominal 

cavity or along needle tracks. 
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f I ts technique is successful when the liver 
is large and the pathologic process is diffuse. The technique can be performed 
blind or with the aid of ultrasound guidance. Ultrasound guidance is preferred 

if available to improve diagnostic yield and safely avoid damage to adjacent or¬ 
gans and vessels. Needle biopsy techniques are generally contraindicated in cases 
of suspected cyst, bile duct obstruction, peritonitis, cystic lesion or abscess, mi¬ 
cro hepatica, severe uncorrectable coagulation abnormalities, or with lesions ad¬ 
jacent to bile ducts or major vessels. Obese patients are difficult to biopsy without 

ultrasound guidance. The primary disadvantage is the small sample size (usually 
4-5 portal triads without complete hepatic lobules or acini). 
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The advantage to laparoscopy is direct visualization of the 
liver, biliary system, and adjacent organs. Laparoscopy allows the clinician to 
obtain directed large biopsy specimens with a minimally invasive technique. La¬ 
paroscopy can often be accomplished with heavy sedation. The technique does 
require some specialized training and a modest amount of equipment. 
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. The best evaluation of the hepatobiliary system 

and abdominal organs is achieved via exploratory laparotomy. A laparotomy 
allows the clinician tactile as well as visual evaluation and enhanced ability to 

control hemorrhage not available by other means. Generally, this technique is 

selected in cases of biliary obstruction or hepatic resection due to mass lesions. 
General anesthesia and delayed wound healing are disadvantages in a decompen¬ 
sated patient with hepatic disease. 


£29 






. k 




.Ml; 


J] 


The overall objective is to provide supportive care and management of many of 
the complications associated with liver failure. Potential complications include 
hepatic encej ualoparhy, gastrointestinal ulceration, coagulopathy, ascites, 
edema, anemia, infection, and endotoxemia. By controlling these signs and pro¬ 
viding supportive care, the clinical problems associated with hepatic failure can 

be eliminated or minimized while diagnostics continue. Every effort should be 
made to determine the* cause of the liver disease. Therapy and prognosis can be 

better determined if the etiology is known (see Table 53-1). Basic therapy guide¬ 
lines for a patient with suspected liver failure patient are listed in Table 53-2. 
Administration of directed therapies (Table 53-3) when etiology is known (i.e., 

antimicrobials for infectious agents, discontinuation of suspect medication, anti¬ 
dotal and antioxidant therapy for known toxicity and drug reactions, and immu¬ 
nosuppression for immune-mediated disease) should be initiated as soon as possi¬ 
ble. When functional impairment is evident, the large reserve capacity of the 

liver has been exhausted and therapy is directed at supportive measures to allow 
the remaining hepatic tissue to regenerate if possible. 
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Metacloprimide (0.4 mg/kg SC q 8 hr, 
30 min prior to feeding) 
Multivitamin supplements 
Supportive care 

Chelator therapy 

D-Penicillamine (10-15 mg/kg PO q 12 

h for months) 

Zinc (100 mg PO q 12 h) 

Vitamin E 400 lU/d 
Ursodeoxycholic acid (10-15 mg/kg q 
24 h PO) 


Specific therapies would be directed to the conditions above. General therapeutic guidelines would 
be indicated for all patients as needed (see Table 53-2). For detailed therapeutic information and 

chronic therapies, refer to alternate texts. 
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When caring for any critical patient, the basic principles of care are the 

same regardless of the disease process (see Table 53-2). Basic therapeutic priori¬ 
ties are established for the cardiovascular, respirator, renal, and neurologic sys¬ 
tems. Aggressive therapeutic support must be provided to each patient to prevent 

complications in secondary organ systems leading to the development of multior¬ 
gan failure. 
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Patients with liver disease typically need aggressive fluid support, tradition¬ 
ally provided by administration of balanced crystalloid fluids. Early aggressive 
fluid therapy is required to support the hepatic microcirculation and decrease 

the possibility of adverse complications such as shock, renal failure, DIC, and 

HE. However, sodium retention, portal hypertension, hypoalbuminemia, and hy¬ 
poglycemia are common complicating factors. The use of 0.45% NaCl in 2.5% 

dextrose with potassium and dextrose supplementation as needed is recom¬ 
mended in suspected hepatic disease. The addition of either natural (plasma or 

synthetic (hetastarch or dextrans) colloids may be required to restore oncotic 
pressure in cases of severe hypoalbuminemia. Avoid routine use of alkalizing 

agents such as lactate and NaHCCh, because alkalosis can exacerbate the signs 

o hepatic encephalopathy. Choosing an alkalizing agent that does not require 
hepatic metabolism to function (i.e., acetate and gluconate in Normosol or Plas- 

malyte or judicious amounts of NaHCCh) is more reliable. If acidosis is a feature 

of the disease process, avoid lactated Ringers solution. 




i 


Hie goals for treating HE are to: (I) minimize or eliminate symptoms by 
diet modification; (2 prevent the formation and absorption of enteric toxins; 
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Modification of antibiotic therapy may be necessary based on culture and serol 
ogy remits or on response to therapy. 




Although NI\ may be part of the initial therapy plan in cases of acute 
encephalopathic crisis, hepatic disease does not benefit from starvation. Nutri¬ 
tional support is critical to the regeneration process and also allows the animal 
to gain and or maintain body weight. It is important to avoid high-protein diets 
that may exacerbate HE signs, but adequate protein levels are critical to normal 
hepatic regeneration. Excess protein restriction leads to a negative nitrogen bal¬ 
ance and increased blood ammonia, with a concomitant increase in the potential 

to develop HE. When protein restriction is required, dogs require a minimum 
of 2.1 g protein/kg/d, whereas cats require a minimum of 4 g/kg/d. Soy and milk 

proteins are well tolerated in both species. The use of branched chain amino 
acids (BC A A) has been advocated, but this nutritional alteration has not yielded 

consistent results. Supply the bulk of the caloric needs with easily digestible 

carbohydrates. Feeding frequent small meals is also indicated to improve the 
nutritional status and decrease catabolism, particularly in cirrhotic patients. 

Placement of feeding tubes may be required in anorectic patients, especially 
cats wit!; hepatic lipidosis. Successful treatment o feline hepatic ipidosis hinges 

on providing adequate nutritional support. Tie addition of soluble fiber ma\ 

help acidify the colonic contents and minimize ammonia absorption. With the 
exception of vitamin K, few vitamin and mineral deficiencies have been docu¬ 
mented in veterinary medicine. Nevertheless, home-prepared diets should always 
be mixed with a complete multivitamin supplement. Zinc supplementation (2 
mg/kg/d) may reduce lipid peroxidation and have antihbrotic properties, and 

vitamin E (400 lU/d) is recommended for its antioxidant properties. Potassium 

supplementation may also help stem fluctuations due to glucose intolerance, 
vomiting, diarrhea, and excessive diuretic use. 




S-/ lenosyl-L-methionine (SAMe) acts as a donor of methyl groups in 

transmethylation reactions that help maintain cellular structure and function. 

Studies have shown S/ Me helps maintain cell membrane fluidit v, helps prevent 
collagen accumulation and fibrosis, and has significant anticholestatic activity. 
In humans, SAMe helps decrease clinical signs and enzyme elevations when 
used to treat intrahepatic cholestasis secondary to chronic liver disease. In the 

canine liver, SAMe can modify some of the deleterious effects of high dose gluco¬ 
corticoid administration. SAMe, through the transsulfuration pathway, also 
serves as a precursor for hepatic synthesis at glutathione (a critical cellular anti¬ 
oxidant). In humans, liver cirrhosis is associated with decreased SAMe forma¬ 
tion. Additionally, SAMe synthetase (the enzyme responsible for conversion of 

methionine to SAMe) is inhibited by hypoxia, oxygen free radicals, and various 
cytokines. Cats are particularly sensitive to oxidative stress. They have a de- 
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creased capacity for the hepatic glucuronidation and sulfation reactions necessary 
in xenohiotic conjugation. Therefore, dogs and cats with liver disease may bene¬ 
fit from administration of SAMe. 
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The prognosis for animals with severe hepatic disease depends on rapid recogni¬ 
tion, aggressive therapeutic support, and the degree of damage and remaining 
regenerative ability ot the liver. ALI has a good prognosis if it is recognized early 
and the causative agent is suppressed or eliminated he lore damage beyond the 
regenerative capacity of the liver occurs. Infectious and parasitic disease carries 
a variable prognosis that often depends on the degree of secondary organ involve¬ 
ment and the organism involved. Acute necrotic cholestasis or bile duct rupture 

can lead to septic bile peritonitis, which many animals do not survive. Chronic 
hepatitis has a variable prognosis because it represents a heterogeneous group 
of diseases. Chronic copper-associated hepatitis with moderate failure responds 

favorably to supportive care, but prognosis is poor for end-stage cirrhotic failure 

of any cause. Doberman Pinchers have a breed-associated form of chronic hepati¬ 
tis that carries a very poor prognosis. Most die within weeks to months when 
presenting in failure, regardless of the therapy instituted. Feline hepatic lipidosis 

usually responds well to aggressive nutritional support in 50% to 60% of cases. 
The origin of hepatocutaneous syndrome is unknown (probably immune medi¬ 
ated) and the prognosis is 


Hepatic neoplasia may he cured if it is isolated 
to an individual lobe (or lobes) that can be surgically resected; chemotherapy 
is not an effectiv e means of control. Evidence of multilobe involvement and 




metastasis is a grave prognostic sign. 
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Portosystemic shunt (PSS) is a vascular anomaly that bridges the portal and 

systemic circulation. This allows portal blood draining the stomach, intestines, 

pancreas, and spleen to bypass the liver. The abnormal physiology created leads 
to important clinical and biochemical abnormalities, which can have life-threat¬ 
ening consequences. 


r 




Single vessels located between the portal and systemic vasculature are a congeni¬ 
tal anomaly. Single portosystemic shunts can be divided into intrahepatic and 
extrahepatic based on their location relative to the liver. The majority of single 
shunts (60%-80%) are extrahepatic in location (portocaval, gastrocaval, and 

portoar gous). T ese types of shunts are most common in small-breed dogs such 
as the schnauzer, Yorkshire terrier, poodle, and dachshund. Single extrahepatic 
shunts are the most common type of shunt found in cats. 

most common in large-breed dogs. German 

shepherd dogs, Golden retrievers, Labrador retrievers, Old English sheepdogs, 
and Irish setters are reported to he the most commonly affected breeds. Often 
an intrahepatic shunt is found to he a persistent patent fetal ductus venosus, 

although many other abnormalities have been reported. Multiple extrahepatic 

shunts are usually acquired lesions that form because of high portal pressure. 

This type of shunt is seen more commonly in older animals with chronic liver 
disease. 


Single intrahepatic shunts 




Reports of microvascular portal shunting (hepatic microvascular dysplasia) 

have been published. 12 This is a syndrome characterized by blood shunting at 

the level of the hepatic lobule without demonstrable vascular anomaly. Canine 
breeds such as the Maltese, Yorkshire terrier, and cairn terrier have been reported 

to be predisposed. The c 1 inicopathologic changes associated with this syndrome 

are similar to those in animals with gross vascular shunts. Other less reported 
causes for portosystemic shunt include portal atresia and intrahepatic arteriove¬ 
nous fistula. 

Hepatoencephalopathy (HE) refers to the neurologic at normalities caused 

by hepatic insufficiency. The pathogenesis of this disorder relates to systemic 
release of neurotransmitter-like substance produced in the gastrointestinal tract. 
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These substances normally detoxified in the liver include ammonia, endogenous 

benzodiazapenes, aromatic amino acids, and mercaptans. Presence of these sub- 
stances in the systemic circulation have been implicated as causative factors in 
animals with hepatoencephalopathy. 3 These substances are produced by protein 
metabolism, or by bacterial production, primarily in the colon. Precipitating tac- 
tors for hepatoencephalopathy include excess dietary protein, gastrointestinal 
bleeding, infection, catabolism, and constipation. Administration of methio¬ 
nine-containing medications (such as urinary acidifiers) can lead to HE due to 

a high concentration of mercaptans. 

Animals with a portosystemic shunt are predisposed to ammonium biurate 
crystalluria. Presumably, decreased clearance of ammonia and decreased uric acid 

conversion leads to an increase in the excretion of both these substances into 
the urine, allowing crystal precipitation. Some of these patients form either am¬ 
monium or urate stones in either the kidneys or bladder. 


Portosystemic shunt patients can have a spectrum ot historical ndings. These 
usually include: failure to grow, intermittent anorexia, vomiting, diarrhea, poly¬ 
phagia, polyuria, ;x>lydipsia, and prolonged anesthetic recovery. 

Animals with a portosystemic shunt commonly have a small body size and 
may he have poor body condition. Other congenital abnormalities may be seen, 

such as cryptorchidism (up to 50% incidence) and heart murmurs (especially in 

the most common clinical abnormality in cats with a portosys¬ 
temic shunt. Additionally, cats commonly have copper-colored irises. Liver mar¬ 
gins may not be palpable on abdominal examination. Animals that have multiple 

extrahepatic 

and cirrhosis or fibrosis. 

Hepatoencephalopathy develops in most patients with a portosystemic 

shunt. Dementia, cortical blindness, head pressing, stupor and, sometimes, ag¬ 
gression (especially in cats) can 

experience seizures. 


consistent 


be seen. Approximately 25% to 50% of patients 






Serum biochemical analysis may reveal mild elevations of liver enzymes includ¬ 
ing in serum alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), and alkaline phosphatase (ALP). In young animals, an increase in ALP 

may actually be caused by bone turnover (increase in bone isoenzyme) instead 
of hepatic changes. A low albumin concentration is commonly encountered, 

presumably because of the impaired ability of hepatocytes to produce albumin. 

Blood urea nitrogen (BUN), normally produced as an end-product of ammonia 
detoxification in the liver, is commonly low in portosystemic shunt patients. 
Hematologic abnormalities may include microcytic, normochromic anemia and 

formation of target cells. In patients with multiple extrahepatic shunts, blood 
abnormalities may be more profound because of the chronicity of liver disease. 
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Urinalysis may reveal a low urine specific gravity and crystalluria. Low spe- 

cific gravity is usually a reflection of polydipsia and resultant polyuria and not 

primary renal disease. Ammonium hiurate crystalluria in dogs (other than the 

dalmatian) should support suspicion of liver disease. 

Liver function tests are more reliable for assessing the PSS diagnosis. Serum 
bile acid measurement, taken after a 12'hour fast and 2-hour postprandial, is the 
most popular test because of availability and ease of sample collection. An in¬ 
crease in the postprandial serum bile acid concentration indicates a failure of 

patho- 


the liver to recycle bile acid from the portal circulation. While this is not 
gnomonic for a portosystemic shunt, it does provide evidence of severely compro 
mised liver function. 


Ammonia metabolism is abnormal in patients with a portosystemic shunt, 
commonly leading to a high blood ammonia concentration. Resting ammonia 
concentration alone can be unreliable. Over 20% of dogs with a portosystemic 

shunt have a normal fasting blood ammonia concentration. As an alternative 
to measuring the resting ammonia, ammonia tolerance testing can be performed 

by measuring the blood ammonia concentration before and minutes after 
administering a known dose of ammonia. This is more reliable in demonstrating 

hepatic insufficiency and is similar in sensitivity to measuring serum bile acid. 
However, many clinicians prefer measuring serum bile acid as a means of liver 
function testing because intolerance to an ammonia challenge can be profound 
(exacerbating hepatoencephalopathy), and concerns with sample lability make 
handling more difficult. 

A wide range of diagnostic imaging is available to support the diagnosis ot 
portosystemic shunt. Abdominal radic‘graphs may indicate microhepatica caused 
by absence of hepatatrophic factors. Ammonium biurate uroliths may be seen 

on radiographs, although they may be subtle because they are less radiopaque 

than most uroliths. Abdominal ultrasonography can be a sensitive method of 

demonstrating a shunt, especially in the hands of an experienced ultrasonogra- 
pher. This modality offers a noninvasive method of assessing presence and loca¬ 
tion (intrahepatic or extrahepatic) of a shunt, assessing portal vein blood flow, 
and documenting urinary tract abnormalities. 

hen available, transcolonic sodium pertechnetate scintigraphy offers a 
noninvasive method of diagnosis with good reliability. If radiation activity is 

seen in the heart before being seen m the liver, the scan is consistent with a 

PSS diagnosis. 

The definitive test for a portosystemic shunt is contrast angiography, which 
documents portal blood flow anomalies (portogram). This is usually accom¬ 
plished by catheterinng a jejunal vein during laparotomy and radiographically 
recording the flow of contrast media injected into the jejunal vein, either by 
intraoperative standard radiography or by fluoroscopy. 1 his method ot diagnosis 
is more complex and time consuming, requires the patient to be stable enough 
to undergo anesthesia, and is usually not performed until definitive surgical treat¬ 
ment ot the shunt is planned. Many surgeons elect to explore the abdomen in 
search of a shunt and, if none is found, proceed with a portogram. 
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Animals with hepatic microvascular dysplasia have abnormal serum bile 
acid concentration, but scintigraphic studies and ultrasounds are normal. A diag¬ 
nosis of hepatic microvascular dysplasia should be suspected in the patient who 
has clinical signs consistent with portosystemic shunting and an abnormal serum 
bile acid concentration but has no demonstrable shunt and a normal-appearing 
scintigraphy or portogram. The diagnosis is confirmed by liver biopsy, usually at 
rhe rime of portography or exploratory laparotomy. 
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Mild hepatoencephalopathy, metabolic derangements, and urinary tract ab¬ 
normalities may require hospitalization but are not emergencies. Seizures and 
severe metabolic derangements warrant immediate and urgent care. 

The primary goal of medical therapy is to minimize clinical signs ot hepa¬ 
toencephalopathy by decreasing the number of false neurotransmitters in the 

bloodstream. Hepatoencephalopathy can manifest as lethargy, stupor, list¬ 
lessness, dementia, aggressive behavior, or seizures. Predisposing factors include 
deh /dration, constipation, infection, catabolism, alkalosis, hypokalemia, high- 
protein meals, and gastrointestinal bleeding. 

If an animal has act ive seizure activity or is comatose because of encephak>p- 

athy, immediate treatment is needed. Because endogenous hen: iazapenes have 
been implicated as causing hepatoencephalopathy, conventional treatment with 
exogenous benzodiazepine (intravenous diazepam administration) for seizure 
control is not indicated. A bolus of dextrose should be administered after collect¬ 
ing pretreatment blood samples to empirically treat hypoglycemic seizures. If 

there is no response, general anesthesia is indicated. A propofol constant rate 
infusion generally favored over barbiturate agents because ol propofol s de¬ 
creased reliance on hepatic metabolism for clearance. Anesthesia is maintained 
with propofol for 6 hours and then is discontinued. If seizures start again, the 
animal is re-anesthetized for another 4 to 6 hours. Careful monitoring of vital 

signs, blood glucose, and appropriate respiration is necessary during anesthesia. 

Patients exhibiting signs of high intracranial pressure (e.g ., cranial nerve abnor¬ 
malities, hyperventilation, abnormal pupil responses, decerebrate posture) 
should he treated for cerebral edema. 

While the animal is anesthetized, or if the animal is comatose on examina¬ 
tion, a cleansing enema is performed to reduce the amount of feces available for 
bacterial breakdown. Additionally, a lactulose retention enema is performed to 

reduce the pH of the colon. A solution of one part 50% lactulose and two parts 
warm water is used at a dose of 5 to 10 ml/kg. A Foley catheter with balloon 

inflated at the rectum t" used to instill and retain the lactulose solution in rhe 

colon for 20 to )0 minutes. Orally administered lactulose and antibiotics are 

initiated after the swallowing reflex is regained. 

Management of hepatoencephalopathy consists of preventing or removing 
factors that may initiate or exacerbate pathologic changes. Lactulose is a main¬ 
stay of treatment for hepatoencepl\alopathy. In the colon, lactulose is hydrolyzed 
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to organic acids, thus creating osmotic diarrhea and decreasing the pH of the 

colon. In a more acidic environment, the ammonium ion is trapped in the bowel, 

and less of the ammonia molecule, which is more absorbable, is formed. Lactulose 

is administered orally (0.25 ml-0.5 ml) two to three times daily. The dose is 
titrated until two to three soft stools are produced per day. If an animal is consti- 
pated on initial examination, a cleansing enema (10-20 ml/kg of warm water) 
should be performed. 

Orally administered antibiotics are used to reduce the number of ammonia- 
producing bacteria in rhe colon. Typically, an aminoglycoside such as neomycin 

(12-22 mg/kg PO q 18 h to q 12 h) is used. Because aminoglycosides are not 

normally absorbed in the intestines, systemic toxicity is usually not a concern. 
Care should be exercised in patients with inflammation of the gastrointestinal 

system, however, because enough drug could be absorbed to cause concern for 

nephrotoxicity. Care should be exercised in an animal with any signs of renal 

insufficiency. Alternatively, ampicillin can be used in the azotemic patient. Met¬ 
ronidazole (7.5 mg/kg PO, IV, IM, or SC q8h) is also effective, although drug- 

associated neurotoxicity is a potential complication, which can be difficult to 
distinguish from hepatoencephalopathy. 

Metabolic derangements such as dehydration, hypokalemia, and catabolism 

exacerbate hepatoencephalopathy. Adequate hydration is attained with intrave¬ 
nous administration of 0.9% sodium chloride fluids, with supplementation if the 

animal has hypokalemia or hypoglycemia. Sodium chloride promotes renal cor¬ 
rection of metabolic alkalosis. Fluids containing lactate should be avoided be¬ 
cause they can lead to alkalosis in an animal with impaired liver function. 

For long-term medical therapy, dietary manipulation is recommended to 
reduce nitrogenous waste products. A highly digestible, high-quality diet should 
be used to minimize the amount of fecal material available in the colon for 

bacterial breakdown. On a dry matter basis, die diet should contain 14% to 17% 

protein for dogs, and 30% to 35% for cats. This is roughly equivalent to 1.75 

to 2.5 g/kg/day for dogs and 3 to 3,5 g/kg/day for Gits. Prescriptions diets u/d 

and k/d (Hill's Pet Products, Topeka, KS) are commonly used, with supplemen¬ 
tation of protein as needed to meet recommendations. 

Medical treatment of urate urolithiasis has been suggested. With appro¬ 
priate dietary therapy, urinary bladder stones have been reported to resolve with¬ 
out surgical removal, although renal uroliths have not. While alkalization of the 

urine has been suggested to help prevent the formation of urate uroliths, the 
potential for exacerbation of hepatic encephalopathy is a concern. 


Traditionally, single extrahepatic shunts have been treated by ligation at 
the time of surgery’. Portal pressure and central venous pressure are measured 

with a water manometer, while the shunt is gradually attenuated with a silk 

ligature. To avoid portal hyj)ertenston, portal pressure should not increase more 
than 10 cm of water over baseline measurement. Central venous pressure should 
not decrease more than 1 cm of water. Additionally, the intestines are observed 
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for 5 ro 10 minutes for gross signs of hypertension such as cyanosis, hypermotility, 

or bounding vasculature. It is not always possible to fully ligate the shunting 

. It has been reported that long¬ 
term prognosis diminishes with partial occlusion; therefore a second surgery is 
recommended approximately 3 months after partial ligation to fully ligate the 
shunting vessel. This delayed complete ligation increases the prognosis for a 
more normal life after surgery. 

If attenuation of the vessel is too acute, portal hypertension may occur. 

This is a severe and possibly life-threatening condition, leading to cardiovascular 
collapse, sepsis, and loss of integrity of the gastrointestinal hairier. 

To prevent acute portal hypertension, multiple methods of slow occlusion 

of slow occlusion is placement 

of an amaroid constrictor, which is a ring of casein with a steel casing. 5 The 

constrictor is placed at the time of surgery, and medical therapy is continued 

for a number of weeks while the constrictor slowly decreases the lumen of the 

vessel. Most patients improve clinically and have a more normal serum bile acid 
concentration within 3 mom hs. Medical therapy is slowly weaned after bile acids 

normalize. The use of this technique precludes the need for portal pressure mea¬ 
surement, reduces the risk of portal hypertension, and eliminates the possible 
need for a second surgery to completely ligate a partial shunt ligation. 

lntrahepatic vessels can also be attenuated, although the morbidity and 

mortality associated with surgical therapy tends to he significantly higher. Multi¬ 
ple surgical methods Itave been described to treat intraheparic shunts, and ad¬ 
vanced equipment such as an ultrasonic aspirator is helpful to dissect through 

hepatic parenchyma. 6 

A11er surgica 1 therapy of a single portosystemic shunt, monitoring for portal 

hypertension is necessary in the immediate postoperative period. As noted 
above, clinical signs of portal hypertension include severe abdominal pain, vom¬ 
iting, diarrhea, tachycardia, cardiovascular collapse, and signs of sepsis. 7 Portal 

hypertension must be treated as soon as it is recognized because it can be rapidly 

fatal. Treatment consists of emergency surgery to alleviate the ligature on the 

shunting vessel. Animals exhibiting portal hypertension that has progressed to 

bloody diarrhea have a poor prognosis. 

Surgical therapy of multiple extrahepatic portosystemic shunts has been 

described. The goal of the procedure is to increase pressure in the vena cava, 
by using a procedure known as caval banding. While the procedure has been 
reported to improve quality of life in some patients, it has also been reported to 

be no more efficacious than medical therapy. 8 

Postoperative prolonged generalized motor seizures have been reported in 
many dogs after ligation of a portosystemic shunt. I hese seizures can start 1 to 3 
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vessel; therefore, partial occlusion is 


have been described. The most common 




anesthesia is often necessary because benzodiazepines are contraindicated, and 
treatment for hepatic encephalopathy should be instituted as described above. 
A propofol constant rate infusion is recommended for anesthesia because barbi¬ 
turate metabolism is erratic because of diminished liver function. Anesthesia 

should be maintained for 6 hours, as described above. 









Portosystemic Shunts I Chapter 54 


Surgical therapy of a congenital shunt is considered high risk. The reported mor¬ 
tality rate ranges from 14% to 21% for a single extrahepatic shunts and 11% to 

25% for a single intrahepatic shunts. 

Prognosis for normal function after surgery for a congenital shunt is associ¬ 
ated with the ability to fully ligate the shunt. Animals with partial shunt ligation 
have a much greater incidence of recurrence of clinical signs and patient morbid¬ 
ity than those with complete ligation. 4 ' For this reason, a portosystemic shunt 
that is not completely ligated should undergo additional ligation after the portal 
vasculature has had the opportunity to accommodate to the change in blood 
flow. The rate of complete ligation in nonencephalopathic dogs is much higher 

than that in dogs showing signs of encephalopathy. 10 Animals that undergo only 

partial occlusion of the shunt may need continued medical therapy and dietary 

ification. Alternatively, ameroid constrictor placement slowly occludes the 
vessel and obligates the need for a second surgery. 

Animals that have seizures before treatment do not carry a 




►or prog 

nosis, except it prolonged seizures lead to cerebral edema and neurologic dam 
age. Seizures after ligation of a shunt are ominous and carry a guarded prog 
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Esophageal diverticula are focal wall dilatations producing a functional 
pouching effect of the esophagus. Pulsion diverticula are created by supranonual 
esophageal wall pressure, usually caused by exaggerated load peristalsis or ob- 
struetion interfering with normal peristalsis. Traction divenicul i develop sec¬ 
ondarily to adhesion of the esophagus to other thoracic structures and leads to 
bulges or distortion in the esophagus wall. 5 Diverticula can develop congenitally 
and are believed to be the result of congenital weakness of the esophageal wall, 

of tracheal and esophageal embryonic buds, or eccentric 
vacuole formation. 5 Traction diverticula occur as fibrous extraesophageal tissue 

contracts away from the esophagus, and pulls the esophagus with it. 
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abnormal separation 


Regional or diffuse dilation of the esophagus with diminished or absent 

motor activity in known as megaesophagus. Many causes ot this condition have 

been described (Table 55-1). 

Acquired megaesophagus is most common form. Any chronic obstructive 
esophageal lesion can result in megaesophagus orad to the lesion site; this is 
commonly described as secondary megaesophagus. The most common obstruc¬ 
tive lesion in young animals is a vascular ring anomaly, most frequently a persis¬ 
tent right aortic arch. Obstruction induced by neoplasia or stricture can also 
lead to chronic, progressive megaesophagus. 
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Central Nervous System Distemper 

Neoplasia 

Peripheral Neuropathies Toxicity (lead, thallium, acryl 

amide) 

Spinal muscular atrophy 

Dysautonomia 

Giant cell axonal neurop- 

I athy 

Bronchoesophageal fistula 
Neuromuscular Junction Myasthenia gravis 

1 Tetanus 


Brain Stem Lesions 


Trauma 

Polyneuritis 


Polyradiculoneuritis 

Ganglioradiculitis 

Mediastinitis 


Bilateral vagal damage 

Botulism 

Anticholinesterase tox¬ 
icity 

Glycogen storage dis 


Esophageal Musculature | Systemic lupus erythe¬ 
matosus 

Polymyositis 

Hypoadrenocorticism 
Neoplasia (esophageal or 

mediastinal) 

Foreign body 
Granuloma 


Dermatomyositis 

i Hypothyroidism 

Vascular ring anomaly 


Obstructive Lesion 


Stricture 
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Megaesophagus leads to recurrent regurgitation and can cause aspiration 
pneumonia. Some patients are initially examined with a primary history of respi- 
ratory disease and will have fever and harsh respiratory sounds. Suspicion of 

megaesophagus or other esophageal disease should be high if the owner reports 
that recurrent regurgitation or vomiting took place before respiratory signs devel- 
oped. 


Clinical signs that increase the suspicion of an underlying systemic disorder 
usually accompany megaesophagus secondary to polyneuropathy or metabolic 

disease. The exception would be focal esophageal myasthenia gravis, which is 
seen in approximately 25% of myasthenic animals. 










A complete blood count and serum biochemical analysis should be performed, 
although no specific abnormalities are associated with esophageal disease. Neu¬ 
trophilia can be found in animah with aspiration pneumonia secondary to meg¬ 
aesophagus and mediastinitis secondary to esophagea perforation. Chemistry 
profile abnormalities may support an endocrinopathy as the cause of megaesopha¬ 
gus. Additional testing for causative diseases such as adrenocortical disease, thy¬ 
roid disease, immune-mediated disease, and toxicity should be pursued as clinical 

suspicion indicates. 

Thoracic radiography is helpful in any animal suspected of having esopha¬ 
geal disease. Most esophageal foreign bodies are radiopaque (i.e., bones, fish 
hooks, and needles). Radiographic signs of an esophageal foreign body include 

abnormal esophageal gas patterns, dilation of the esophagus orad to the foreign 
kxly, and presence of an obvious foreign 

Megaesophagus is seen on survey radiographs as a dilated esophagus (Figure 

55-1). Generalized megaesophagus involves the entire esophagus, and strictures 
(including vascular ring abnormalities) lead to dilation orad to the lesion. It 

is important to know that aerophagia can sometimes lead to a local, transient 

megaesophagus that can be seen on radiographs. 

Perforation of the esophagus secondary to foreign body or trauma can pro¬ 
duce radiographic signs o: mediastinitis. Loss of mediastinal detail including 

obliteration of the caudal vena cava shadow has been shown to be significantly 

associated with esophageal perforation. Pneumomediastinum was not seen in 
10 cases of esophageal perforation in dogs. 

Positive contrast esophagography can he used to delineate a foreign Kxly, 

mass, stricture, or diverticula of the esophagus. Contrast studies can be useful 
in delineating an esophageal irregularity, stricture, mass, and esophagitis (Figure 
55-2 L Liquid contrast is usually used first but may pass through more mild stric¬ 
tures in a relatively normal fashion. Food mixed with barium can be used if a 

stricture is strongly suspected because it will more likely become kxlged orad to a 
stricture, although regurgitation is an important concern. Esophageal endoscopic 

evaluation is preferred over food mixed with barium to avoid aspiration of the 

food and barium mixture. Leakage of contrast material into the mediastinum is 
diagnostic for esophageal perforation, although a high rate of false negatives 
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Figure 55-1 


Lateral (A) and ventrodorsal (B) 


thoracic radiographs of 


pa 


tient with megaesoph 


agus. The megaesophagus is out 


lined by arrows ini each view 
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for maximal effect. Sucralfate slurries may lead to mild improvement of esophagi- 
tis but do not prevent esophagitis from developing in humans. 10 

While it may be assumed that antibiotics are indicated in cases of esophagi¬ 
tis, no benefit has been found in human studies of esophagitis. Human patients 
do not receive antibiotics while being treated for esophagitis unless fever or infec- 
tion develops. 

Removal of an esophageal foreign body varies depending on the location 

and composition. If possible, endoscopic removal with grasping forceps is ideal. 

Large objects distal in the esophagus can be pushed into the stomach to dissolved 

or be removed via gastrotomy. A surgical approach to the esophagus may be 
necessary if the patient has marked necrosis or perforation of the esophagus. As 

suggested, it is important to be judicious in the use of insufflation, because esoph¬ 
ageal perforation may allow air to escape, leading to a pneumothorax. Fishhooks 
were found to be more difficult to remove via endoscopy if they were treble-barb 

as opposed to single barb. Orientation or location in the esophagus was not 
indicative of ability to remove the fishhook. 11 A foreign body that is not lodged 

in the esophageal wall can sometimes be removed blindly by passing a deflated 
Foley catheter distal to the foreign body, then inflating the balloon and retracting 
the catheter. 

Vascular ring anomaly is treated by ligation and transection of the anoma¬ 
lous vessel. Treatment should be initiated as soon as possible after diagnosis 
because the degree of esophageal dilation is thought to progress win tune. 

Strictures other than vascular ring anomaly should be managed conserva¬ 
tively before surgery is attempted. Progressive dilation by bougienage or balloon 

dilation can be attempted. Sequentially larger bougies or balloons are used to 

break down fibrous constricting bands. Medical treatment of gastric acid reduc¬ 
tion should he continued during this time. Multiple dilations may be needed. 

Animals with stricture ot the esophagus should he fed a soft fo< J gruel in 
an upright position to allow gravitational flow of food past the stricture. Ideally, 

the animal should be held so that the forelimbs are higher than the hindlimbs 
for 10 to 10 minutes after feeding. 

Surgery of the esophagus commonly necessitates thoracotomy. Esophagos- 
tomy is performed it a foreign body cannot be removed by advancing into the 

stomach or endoscopy. Patients with marked esophageal necrosis or esophageal 

neoplasia can be candidates for partial esophageal resection. While 20% to 50% 

of the esophagus can be resected without a tension relieving technique, the sur¬ 
geon should be prepared to perform a reconstructive procedure if necessary. Small 

diverticula can often he managed by feeding the animal a soft diet and elevating 
the food. Larger diverticula require surgical excision. The reader is referred to a 
surgical text for complete description of these procedures. 

Treatment of megaesophagus is directed at the underlying cause in addition 

to conservative treatment such as pharmacologic manipulation and positional 

feeding as described. Antibiotic administration is indicated if the patient has 

aspiration pneumonia. Prokinetic agents are controversial because they have not 
been shown conclusively to increase peristalsis in the esophagus. Prokinetic drugs 
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may, however, he beneficial due to their ability to increase the tone of the lower 

esophageal sphincter, thereby decreasing acid reflux. 7 
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Conditions without perforation or necrosis of the esophagus generally have a 
favorable prognosis. Perforation of the esophagus warrants a more guarded prog¬ 
nosis. 


Diverticula of the esophagus can be managed conservatively with success. 
It surgery is necessary, the prognosis is good as long as esophageal reconstruction 
is possible. 

Prognosis for megaesophagus varies with the cause. If the underlying cause 
can be treated, as in a patient with a vascular ring anomaly, the prognosis can 
be good. Commonly, treatment for primary or idiopathic megaesophagus is sup- 

rtive with a poor, long-term prognosis. In patients with megaesophagus sec¬ 
ondary to myasthenia gravis, multiple forms of the disease complicate prognosti¬ 
cation, although it is known that aspiration pneumonia is commonly the cause 
oi death in these animals. 13 I hymoma-associated megaesophagus has a pcx>r prog¬ 
nosis; in one study, six of nine animals undergoing surgery for thymoma died 

within 1 week. 4 

Masses ot the esophagus are commonly large by the tune of diagnosis. For 

this reason, surgery may be difficult, and prognosis is guarded. Palliation of clini¬ 
cal signs may be achieved if esophageal reapposition or reconstruction is possible. 
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Inability to pass stomach contents into the duodenum is known as gastric outflow 
obstruction. Normally, smooth muscle of the stomach contracts in peristaltic 

which \ ;iry with the amount of ingesta in the stomac \\ and neural influ¬ 
ences. The canine stomach contracts with an aboral peristalsis four to five times 
per minute during feeding. 12 Inability to appropriately empty the stomach due 
to outflow obstruction can lead to clinical signs such as vomiting and weight 

loss. Disorders of gastric motility, pyloric abnormalities, neoplasia (extrinsic or 
intrinsic), and foreign bodies have been reported to lead to gastric outflow ob- 

st ruction. 
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^structions can be classified as either functional or mechanical (Table 56 
1). A foreign body at the level of the pylorus is the most common type of me 
chanical obstruction. Pyloric foreign bodies tend to be either ball-shaped, acting 
as a valve at the pylorus, or a mass oi foreign material (often cloth) that is 
entangled with a linear foreign body. The linear foreign body extends into the 
small intestine, pulling the mass of foreign material into the pylorus and acting 

as an anchor. 

Mechanical obstruction due to changes in pyloric anatomy is also encoun¬ 
tered. The most common pathologies are hypertrophy of the circular muscles at 

the lev el of the pylorus and hypertrophy of the pyloric mucosa or a combination 

thereof. Inflammation of the pyloric area can lead to exacerbation of the obstruc¬ 
tion. Two syndromes involving hypertrophy of the pyloric area have been 

named. Congenital pyloric stenosis is caused by hypertrophy of the pyloric circu¬ 
lar smooth muscle layer in young dogs. 1 The pathogenesis is unclear, but gastrin 
excess has been implicated since gastrin has trophic effects on gastric smooth 
muscle. The second syndrome is chronic hypertrophic pyloric gastropathy, which 

can be associated with circular muscle hypertrophy (type I), both muscle hyper 
trophy and mucosal hypertrophy (type II), or only mucosal hypertrophy (type 

HI). 1 Many causes have been proposed for this syndrome. Chronic gastric disten¬ 
tion due to long-term sympathetic stimulation, chronic gastritis, or neurogenic 

abnormality can lead to gastrin release. This hypothesis appears to be a plausible 






Copyrighted materia! 


Gastric Outflow Obstruction I Chapter 




Outflow 


and Cause 


Common 


of pyloric 

obstruction 


* 


Mechanica obstruction 


Foreign body 


patient most com 


monly; history of ingest 


mg foreign body 


Middle-aged to older pa 

tient 


Neoplasia 


Young, brachycephalic 

dog 

Middle-aged, small-breed 

dogs (male more often 
than female) 


Congenital pyloric ste 
nosis 


Chronic hypertrophic pylo 

ric gastropathy 


No predisposed breed or 


Functional obstruction Idiopathic delayed gastric 

emptying 

Secondary delayed gastric 

emptying 


age 


Varies with primary cause 

(hypokalemia, hypoadre- 

nocorticisim, diabetes mel- 

litus, uremia, drug therapy, 
stress, abdominal inflam¬ 
mation, pancreatitis) 


explanation for hypertrophic pyloric changes, mucosal and muscular hypertro¬ 
phy, as well as an increase in the amount of gastric hydrochloric acid released. 

Pyloric stenosis is uncommon in cats. Siamese cats arc most commonly af¬ 
fected, and many have concurrent megaesophagus, suggesting an underlying neu- 
ropat ho logic cause. 

Gastric neoplasia can also lead to mechanical outflow obstruction. Malig¬ 
nant neoplasia is more common in dogs, with adenocarcinoma being the most 

prevalent. 5,4 Other gastric malignancies include leiomyosarcoma, lymphoma, 

plasmacytoma, and fibrosarcoma. 3,5 Benign tumors of the canine stomach include 

leiomyoma and adenoma. The most commonly diagnosed gastric tumor in cats 

IS lymphoma, with adenocarcinoma diagnosed rarely . 3 Extrinsic neoplasia origi¬ 
nal mg from the pancreas and liver can also lead to extramural compression and 

outflow tract obstruction in both species. 


1.2 


Obstruction 

Functional disorders of gastric emptying (also known as delayed gastric emp¬ 
tying or gastroparesis) can be either transient or chronic in nature. The disorder 
can be a primary pathologic condition, such as an underlying motor abnormality 
resulting from dysfunction of the myenteric plexus or smooth muscle. Secondary 
pathologic change leading to altered gastric emptying (functional) is common. 
Systemic conditions such as hypokalemia, hypoadrenocorticisim, diabetes nielli- 
tus, uremia, drug therapy (e.g., anticholinergics, ^-adrenergic agonists, opiates), 

acute abdominal inflammation, and pancreatitis can result in de¬ 


acute stress 
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layed gastric emptying. It is most common, however, to find no underlying patho 
logic cause, and this condition is referred to as idiopathic delayed gastric emp 

tying. 2 


Secondary gastric ulceration may result from delayed gastric emptying 
caused by a high gastrin concentration. Inflammatory gastritis and ulcerative 
disease can also be primary inciting causes of diminished gastric motility and, 
therefore, functional outflow obstruction. 




Metabolic alkalosis is a disorder characterized by a primary increase in 
plasma bicarbonate concentration or a loss of hydrogen ion that tends to increase 

the blood pH. This alkalosis results from frequent and profuse vomiting of gastric 

contents, with two exceptions (i.e., marked potassium depletion and primary’ 

aldosteronism). Metabolic alkalosis requires a chloride deficiency for its genesis 

and chloride repletion for its correction. The fact that metabolic alkalosis may 
persist even when no new bicarbonate is added to the extracellular fluid is a priori 

evidence that the kidney is reabsorbing more bicarbonate than under normal 

circumstances. 

The kidneys attempt to maintain electroneutrality of extracellular fluid by 

reabsorbing appropriate amounts of cations and anions. Since the major inor- 

game anions are chloride and bicarbonate, the reabsorption of these anions in 
the kidneys is inversely proportional to each other. Thus, with excess loss of 
chloride in vomitus, the kidneys compensate for the resulting hypochloridemia 

by increasing bicarbonate reabsorption. 

Hypokalemia and alkalosis are often directly related because of the renal 
response to either. Hypokalemia due to a true body deficit of potassium causes 
the intracellular concentration of this ion to fall. This intracellular deficit of 

cation is replaced partially by hydrogen ion, and this can produce extracellular 
alkalosis or potentiate it if it has already developed. Because sodium reabsorption 

in the distal tubule is linked to an exchange for other cations, chiefly potassium 
and excess hydrogen, it will cause excess hydrogen secretion into the urine when 

distal sodium reabsorption is required. This situation is found in patients with 
metabolic alkalosis in which sodium bicarbonate reabsorption in the proximal 
nephron is decreased because of the excess of plasma bicarbonate. Distal nephron 
avidity for sodium i' increased to protect extracellular fluid volume, and the 
increased distal sodium reabsorption is at the expense of hydrogen ion secretion. 

I lie treatment o hypochloremic, hypokalemic metabolic alkalosis usually 
requires only correction of extracellular fluid volume and sodium and chloride 
deficirs by saline infusion. Providing adequate chloride ion allows the sodium to 
he reabsorbed without bicarbonate. Increased proximal reabsorption of sodium 
decreases distal acid secretion because less sodium is presented to the distal neph¬ 
ron. As less bicarbonate is reabsorbed and less acid is secreted, plasma pH returns 
to normal. Concurrently, some intracellular potassium ions are replaced by hy* 
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drogen ions, and this pH-mediated cation shift also aids the return to normoka 
lemia. 
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Foreign body patients tend to be young because young animals are more 

likely to ingest objects that are too large to pass through the pylorus. Trichobe- 
roars in cats may be related to underlying motility disorders. 

Congenital pyloric stenosis is seen particularly in young, brachycephalic 

dogs. 1 * 6 The most common time of occurrence is at the point of weaning: liquid 

passes through the stenosed pylorus but solid food is retained. Chronic hypertro- 

phic pyloric gastropathy is a disease in middle-aged, small-breed dogs, more com¬ 
monly seen in males. 1,6 Rarely, mechanical outflow obstruction has been reported 
as a sequela of percutaneous gastrostomy and gastric surgery 
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Primary motility disorders are found in animals with neurologic disorders 

those who have undergone gastric surgery, and those with gastritis (commonly 
infectious or inflammatory). 2 Secondary f unctional abnormalities are seen in ani¬ 
mals with signalments common for the underlying disease. 
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Clinical signs are secondary to obstruction of gastric outflow. Duration of vom¬ 
iting, frequency of vomiting, and length of time after eating vary widely. Some 
animals do well with liquid or soft foods but vomit solid foods. 

Physical examination findings are nonspecific and vary with the severity 

and frequency of vomiting. Weight loss, anorexia, lethargy, and dehydration may 
he observed. Results of abdominal palpation are often normal, except in a patient 

with an obvious, extramural neoplastic lesion or with pain due to peritonitis or 
pancreatitis. 










Results of blood work may reflect an underlying disease state responsible for 

a secondary functional outflow abnormality such as azotemia, hypokalemia, or 

hypoadrenocorticism. Prerenal azotemia may be found depending on the fre¬ 
quency of vomiting and ability of the animal to maintain hydration. Complete 

gastric outflow obstruction, most commonly caused by a pyloric foreign body, 
classically causes hypokalemic, hypochloremic, metabolic alkalosis due to loss 
of gastric secretions. This metabolic derangement is not always found, especially 

with incomplete obstruction due to pyloric stenosis or chronic hypertrophic pylo¬ 
ric gastropathy. Peritonitis leading to gastric paresis may be associated with neu- 

trophilia. 
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Pan lal or complete bowel obstruction is a common indicator for intestinal sur 
gery in small animals. Most frequently, single or multiple foreign 

the obstruction. 1 * Intussusception and neoplastic conditions can also occur. Less 

often, intestinal volvulus, intramural hematoma, extramural adhesions, hernia' 
tions, strangulations, cecal inversion, rupture of duodenocolic ligament, and pel¬ 
vic malunions have been identified as causes of obstruction. Clinical signs, surgi- 
cal treatments, and prognosis vary with the location, etiology, and severity ot 

the lesion(s) (Table 57-11- 


1_I: 


ies cause 








A partial or complete small intestine obstruction may be in a “high” (duodenum, 
proximal jejunum) or “low” (distal jejunum, ileum) location. 2 ' 5 A high obstruc' 

tion causes vomiting and loss of gastrointestinal fluids including acidic gastric 
secretions and alkaline secretions from the gallbladder, pancreas, and duodenum. 
Electrolyte abnormalities (hypokalemia, hypochloremia) and an acid-base dis¬ 
turbance (metabolic alkalosis or acidosis) may occur. Obstruction of the distal 
jejunum or ileum produces intestinal distention with fluid and gas accumulation 
proxima ; to the lesion. The latter is due to aerophagia, decomposition of intesti- 


Causes of Intestinal Obstruction 


Lesion _ 

Linear foreign bodies 


Location 

jejunum 


omment 


Cats (tethered under 
tongue) 

Dogs 


Pylorus, duodenum, ileo 
colic valve 

Jejunum, ileum 

Jejunum 

Small intestine, rectal 
strictures 

Herniations, strangulations Small intestine 


Mass objects 


Intussusception 

Volvulus 

Neoplasia 


Young dogs 


Large dogs 

Lymphosarcoma, adeno- 
carcinoma 

Traumatic congenital le 
sions 


Adhesions 


Small intestine 


Trauma, surgery patients 
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na 1 contents, and diffusion from blood. 2 The collection of fluid is due to increased 


production, decreased absorption, alteration of vascular supply, and increased 
intestinal bacterial population. Bacterial overgrowth and intestinal stasis (ileus) 
leads to endotoxemia and septicemia. 

Vascular compromise secondary to strangulation, herniation, torsion, or in- 

vagination of the bowel will deleteriously affect mucosal integrity. In chronic 

intraluminal objects produce pressure-related wall necrosis and, thus, con¬ 
tribute to increased bacterial absorption. 

Linear foreign bodies in cats can be attached proximally at the base of 
tongue and erode through the mesenteric side of a peristaltic small intestine. In 
dogs with linear foreign objects, conversely, lodgment at the pylorus along with 
perforations and peritonitis have been described. 

Colonic obstructions are characterized by persistent distention leading to 
abnormal motility and loss of smooth muscle function. Continued water absorp¬ 
tion from colonic contents produces dry feces that are unable to be evacuated 


7 


Linear foreign bodies are most frequently identified in cats, whereas dogs have 
a propensity to ingest masslike objects. Intussusception occurs commonly at the 

ileocecal junction in young dogs with hypermotile intestines secondary to para¬ 
sitism, stress, surgery, dietary changes, or unknown causes. The ileum (intiissus- 

ceptum) telescopes into the large colon (mtussuscipiens). Herniations, strangula¬ 
tions, extramural adhesions, and pelvis-associated obstructions are identified in 
patients after trauma (including surgery). Intestinal volvulus has most often been 
diagnosed in large (German shepherd) dogs. 8 Intra 
would be suspect in older animals. 


extraluminal neoplasia 


or 


Signs of oljstmetion are variable and include vomiting, depression, anorexia, and 

dehydration. Weight loss and bloody diarrhea or obstipation (colonic obstruc¬ 
tion' are 

and abnormal intestinal contents, bowel loops, or bowel masses. Rectal palpation 
will reveal pelvic strictures (neoplasia) or compromised canal (malunion). Per- 
acute signs of abdominal distention, circulatory collapse, and death are unique 

features of intestinal volvulus. 8 


also clinical findings. Abdominal palpation can reveal pain/discomfort 




A review of the clinical history and signs, along with physical examination, 

laboratory, and imaging evaluations are helpful in identifying the lesion(s). In¬ 
conclusive findings in a worsening patient warrant an abdominal exploratory or 

laparoscopic procedure. 

Survey radiographic changes in patients with obstruction include abnormal 
size, shape, density, and location of bowel loops. 9 Accumulation of gas, fluid, 

and ingesta occurs proximal to the obstruction. The diameter of the small bowel 
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Figure 57*1 


Plication of the small bowel secondary to linear foreign body (string) in 


should not exceed the width of a lumbar vertebra (ventrodorsal projection) or 
the diameter of rhe colon. Radiography of animals with rectal strictures or pelvic 

tnalunions reveals a dilated, feces-impacted colon (megacolon). Plication of the 

small bowel, especially on the right side of the abdomen, is a feature of linear 

foreign body ingestion 9 ( ig. 57-1). Opaque foreign 

Persistent abnormal findings on serial examinations in an ill patient suggest a 
clinically significant lesion. Contrast radiography or a gastrointestinal series may 

reveal abnormal transit of contrast medium or mass outlines (Fig. 57-2) in some 

cases. Barium enemas can delineate lesions of the large bowel but compromise 
colonoscopy. Ultrasonography is most helpful in delineating mass lesions and 
intussusception (alternating layers of hyper- and hypoeclioic tissues). 6,9 Peristab 

sis, or the lack thereof (ileus), can be recognized during ultrasound examination. 

Advanced imaging techniques (computed tomography, magnetic resonance im¬ 
aging) may prove useful, although they are today mostly limited to specialty 
centers and university teaching hospitals. 

Laboratory findings are unremarkable in mild, early, or incomplete obstruc¬ 
tions. 4 Chronic or severe lesions can produce a neutrophilia, anemia, hypoka¬ 
lemia, variable sodium and chloride values, metabolic acidosis, and prerenal azo* 
temia. 


are e.oily discerned. 
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Ahdominocentesis may be inconclusive unless bowel rupture has occurred. 

Laparoscopy is useful for diagnostic purposes, especially in a morbid patient. Hn- 

doscopy (gastroduodenal lesions) and colonoscopy are helpful for diagnostic pur¬ 
poses, as well as biopsy procedures. 
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tidocaine will reduce anesthetic requirements, provide postoperative analgesia 

and hasten return of bowel function 

For surgery, a generous ventral mid line celiotomy is performed and the en¬ 
tire gastrointestinal tract is isolated and examined. Removal of a foreign body 
obstruction requires single or multiple enterotomy(ies) performed in viable tis- 
sue. Closure of the incision(s) is by a single layer interrupted or continuous 

pattern of monofilament synthetic absorbable or nonabsorbable suture. 15 Inci¬ 
sional dehiscence is minimized by use of a serosal or omental patch sutured over 

the enterotomy. 1 2 * 5 5 Dilated, flaccid, discolored, avascular, necrotic bowel loops 
secondary to chronic obstructions, strangulations, or irreducible intussusception 
require resection and anastomosis at viable, vascularized regions. End-to-end or 
side-to-side anastomosis can be performed manually or with stapling devices. 2 * 5 
Enteropexy or bowel plication is recommended to prevent recurrence of intussus¬ 
ception. 25 * 5,6 Typhlectomy is recommended for cecal inversion; constrictive ad¬ 
hesions or ligaments are resected. In cases of uncertain or recurrent pathology, 

histologic examination oi removed tissues is beneficial. 

For colonic surgery, similar principles apply as indicated for small intesti¬ 
nal surgery. Additionally, the high bacterial content may be reduced by dietary 
manipulations (elemental/low residue diets, withholding food), laxatives, ene¬ 
mas, or oral antibiotics (neomycin, kanamycin, metronidazole, trimethoprim- 
sulfadiazine), although these attempts may not be realistic in morbid animals 
requiring immediate surgery. 25 Second- and third-generation cephalosporins 
(cefoxitin, cefmetazole, cefotetan, cefotaxime, ceftizoxiiue) provide enhanced 
coverage against anaerobes and gram-negative organisms. 16 Colectomy can lie 
performed using manual or stapling procedures. Maluniorts of pelvic fractures 
will require corrective osteotomies or ostectomy to relieve obstruction in the 
pelvic canal. 2 * 5 Preservation of the ileocecocolic valve during resection and anas¬ 
tomosis is technically difficult due to tension at the surgery site; in cats, removal 
of the valve may not cause a small intestine bacterial overgrowth problem as it 
does in dogs, although this is debatable. 2 5,17 


Short- and long-term recoveries are based on the underlying cause of the obstruc 

tion. Resection of up to 70% of the small bowel is tolerated by most patients 
Adherence to proper surgical and medical principles reduces complications such 
as dehiscence, infection (abscess or peritonitis) septic or hypovolemic shock, 
lesional recurrence, and malnutrition. Volvulus of the bowel is frequently fatal 
despite therapy. 






1. Wylie KB, Husgi k\ G: Mortality and morbidity of small and large intestinal surgery 

in dogs and cats. J Am Anim Hosf> Assoc 30:469, 1994. 

2. Orsher RJ, Rosin, E: Small intestine, /n Slatter D, ed.: Textbook of Small Animal 

Surgery, 2nd ed. Philadelphia: WB Saunders, 1993, p 594. 
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Four types of adrenal dysfunction can occur in CCU patients: hypoadrenocorti 
cism, hyperadrenocorticism, pheochromocytoma, and postoperative adrenalec 
tomy complications. 






The normal hypothalamic-pituitary-adrenal axis is important in the adaptive 
response to stress. Corticotropin-releasing hormone (CRH) is released by cells 
in the paraventricular nucleus of the hypothalamus. In response to CRH, adreno 

corticotropic hormone (ACTH) is released from the pituitary gland to stimulate 

the adrenal gland. The adrenal cortex has three layers. The outermost layer is 

the zona glomerulosa and produces aldosterone in response to stimulation by 

angiotensin ll and hyperkalemia. The effect of ACTH on this layer is minimal 
The zona fasciculata (middle layer) produces cortisol, and the zona reticularis 
(inner layer) produces androgens in response to ACTH secretion. The adrenal 
medulla produces catecholamines (epinephrine and norepinephrine) in response 
to stress. Under normal conditions glucocorticoids stimulate appetite, promote 
a sense of well-being, maintain glucose homeostasis, promote renal free water 
loss, maintain hi 


« 


j 


pressure, and protect against shock. Mineralocorticoids pro 
mote renal retention of sodium and water and renal excretion of potassium and 




hydrogen ion. Lack or excess of adrenal hormones can have profound systemic 

consequences. 

Hypoadrenocorticism can he primary or secondary. Primary hypoadrenocor 
deism (Addison's disease) results from atrophy or destruction of all layers of the 

adrenal cortex, resulting in inadequate production of both mineralocorticoids 

and glucocorticoids. Causes include immune-media ted destruction, iatrogenic 

(mitotane administration), infectious disease (fungal, viral), neoplasia, trauma, 

hemorrhage, or infarction. Secondary hypoadrenocorticism is characterized by 
insufficient glucocorticoid production but normal tmneralocorticoid production 

in response to inadequate ACTH secretion. It is most commonly caused by 
abrupt cessation of long-term or high-dose exogenous corticosteroid therapy. 
Rarely, secondary hypoadrenocorticism can be caused by destructive lesions ot 

the hypothalamus or pituitary gland. 
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Lack of mineralocorticoid secretion can cause'life threatening hyperka- 
lemia, hyponatremia, and severe hypovolemia resulting in weakness and collapse. 
Lack of glucocorticoids may cause depressed mentation, lethargy, anorexia, and 

inability to respond to stress. 

Hyperadrenocorticism results from the excessive production of cortisol from 

the adrenal cortex. The most common form in dogs is pituitary-dependent hyper- 

adrenocorticism, accounting for 80% to 85% of cases. Bilateral adrenocortical 

hyperplasia and overproduction of cortisol most commonly are the result of a 
functional pituitary microaderoma. If accompanying neurologic signs are present, 
a pituitary macroadenoma should be suspected. Adrenal tumors are responsible 
for 15% to 20% of spontaneous hyperadrenocorticism in dogs. Iatrogenic hyper- 

adrenocorticism is clinically indistinguishable from spontaneous hyperadreno¬ 
corticism and results from excessive or prolonged administration of exogenous 

glucocorticoids. Chronic suppression of ACTH resulting from negative feedback 

causes bilateral adrenal atrophy. 

Pheochromocytoma is a tumor arising irom the chromaffin cells of the adre¬ 
nal medulla. Metastasis is rare, but local invasion of the caudal vena cava may 

Excessive catecholamine release can result in systemic hypertension and 
cardiac arrythmias. 

Adrenalectomy is the treatment of choice for adrenal tumors. Postoperative 

complications may occur because the contralateral adrenal gland is atrophied. 

Exogenous glucocorticoid supplementation is needed to overcome the stress of 
surgery and must be continued until the adrenal gland regains normal function 
(2-3 months . 


( k cur 


I lyjxiadrenocorricism may occur in any breed, bur breeds at higher risk include 
standard Poodles, Portuguese water dogs, Great Danes, Labrador retrievers, Rott¬ 
weilers, West Highland white terriers and Wheaten terriers. Most dogs are less 

than 7 ears old; females arc more commonly affected. Hypoadrenocorticism is 

rare in cats. 

Hyperadrenocorticism occurs primarily in middle-aged to older dogs, usu¬ 
ally small breeds of either sex. Poodles, Dachshunds, Boston terriers, Beagles, 
terriers, German shepherds, and Boxers are predisposed, although any breed can 
be affected. Spontaneous hyperadrenocorticism is rare in cats and is most com¬ 
monly diagnosed in middle-aged to older cats with insulin-resistant diabetes mel- 

litus. 


Pheochromocytomas are rarely diagnosed antemortem. There appears to be 
no sex predilection. Affected dogs are usually older animals. 

Adrenal tumors can occur in both large and small breed dogs. Breeds at 

risk for adrenal tumors include poodle, dachshunds, German shepherds, Labrador 

retrievers, and terriers. Adrenal tumors may be slightly more common in female 
dogs. 
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Hypoadrenocorticism has been called “the great pretender” because clinical signs 
associated with this syndrome can mimic renal disease, gastrointestinal disease 
and other causes of episodic weakness and acute collapse (cardiovascular, meta 

bolic, neurologic or muscular). Clinical signs are listed in Table 58-1 

Hyperadrenocorticism can complicate treatment and predispose to intec 
tion in affected CCU patients. Clinical signs associated with hyperadrenocorti 

cism are listed in Table 58-2. CCU patients with hyperadrenocorticism are at 

risk for developing diabetes mellitus, systemic infections, delayed wound healing 
glomerulonephritis, impaired hepatic metabolism of drugs, pulmonary thrombo 
embolism, pancreatitis, hypertension, and impaired abi ity to handle stress. Strict 
asepsis should be used in these immunocompromised patients when intravenous 

arterial, or urinary catheters are required for patienr care. 

Pheochromocytoma causes vague, nonspecific signs making antemortem di 

agnosis difficult. Signs are listed in Table 58-3. 

Adrenalectomy results in the signs associated with hypoadrenocorticism 

(see Table 58-1) if glucocorticoid replacement is not provided during surgery and 

the postoperative period until normal adrenal function is restored. Inadequate 

glucocorticoid replacement during adrenalectomy can result in anesthetic death 

prolonged recovery, refractory hypotension, hypoglycemia, and sign^ consistent 
with multiple organ dysfunction. Unilateral adrenalectomy generally does not 

require mineralocorticoid supplementation. 
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Weight loss 

Trembling, shivering, hypothermia 

Episodic weakness or collapse 

Anorexia, lethargy, depression 
Intermittent melena, hematochezta, diarrhea 

Polyuria and polydipsia 

History of improvement following glucocorticoid or fluid therapy 

Presentation 
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Severe dehydration 

Hypovolemic shock—weak pulses, prolonged capillary refill time, pale mu 

cous membranes, collapse 

Bradycardia in a clinical shock state 
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Polyuria and polydipsia 

Pollakiuria, hematuria, pyuria, or stranguria may indicate a urinary tract in 

fection 

Polyphagia, weight loss, polyuria, and polydipsia 

Severe respiratory distress may occur because animals with hyperadreocorh 

cism are at risk for pulmonary thromboembolism 

Panting occurs with pulmonary mineralization and abdominal distention 
Cyanosis may be present with hypoxemia 
May indicate secondary diabetes mellitus 

Central nervous system signs ranging from lethargy and disorientation to stu 

por, aimless wandering, ataxia, or tetraparesis 

May indicate pituitary macroadenoma 

Catabolic muscle wasting and atrophy 
Hepatomegaly, pendulous abdominal distention 
Neuropathies, myopathies, weakness 
ilaterally symmetrical alopecia 

Thin skin, easily bruises 
Hyperpigmentation 

Testicular atrophy 
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Tachypnea, restlessness 

Dilated pupils 

Pulse deficits, arrhythmias, tachycardia 
Epistaxis 

Hyperemia of skin and mucous membranes 

Retinal hemorrhage, hyperemia, bounding pulses, and cardiac abnormalities 

may occur secondary to hypertension 

Shock, collapse, syncope 

Peripheral edema of one or both rear legs may occur if the mass invades the 

vena cava 

Palpable abdominal mass? 

Signs may be intermittent or sustained 
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60% of dogs with adrenal tumors. Endogenous ACTH levels are elevated in dogs 

with pituitary tumors and decreased in clogs with adrenal tumors. A urine 
cortisol/creatinine ratio rules out hyperadrenocorticism if it is normal, but an 
elevated ratio occurs with either stress or hyperadrenocorticism. In a stressed 
animal, the low-dose dexamethasone screening test may not suppress enough to 
differentiate stress from hypenn! renocorticism. 

Ultrasonography can also be helpful in diagnosis. Bilateral adrenal enlarge¬ 
ment is consistent with pituitarv-dependent hyperadrenocorticism, whereas uni¬ 
lateral adrenomegaly with distortion of normal architecture is consistent with 

adrenal tumor. 

■ aeochromocytoma is difficult to diagnose antemortem because signs are 
nonspecific (weight loss, lethargy, tachypnea). An abdominal mass may be palpa¬ 
ble in approximately 10% of affected dogs. Abdominal ultrasound may reveal 

an adrenal mass. Arterial blood pressure iis often elevated, but hypertension may 
be missed because of the episodic nature of catecholamine secretion. Urine or 

plasma catecholamines can be measured but the tests are expensive and not 
widely available. 

Adrenalectomy can result in postoperative complications because of re¬ 
duced adrenal function. The ACTH stimulation test (see Table 58-4) can be 

performed to initially diagnose adrenal suppression and monitor the recovery of 
adrenal function postoperatively while glucocorticoid supplementation is gradu¬ 
ally rapered off. 
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Treatment of hypoadrenocorticism involves correcting hypotension and hypovo¬ 
lemia, providing glucocorticoid replacement, and restoring electrolyte and acid- 
base balance. Treatment recommendations are listed in Table 58-5. Electrolytes, 
blood urea nitrogen, and creatinine should be initially monitored weekly, then 

every 3 to 4 months once values have stabilized. 

Hyperadrenocorticism is usually medically treated with mitotane if the 

cause is pituitary dependent and with adrenalectomy if the cause is adrenal tu¬ 
mor. Mitotane causes necrosis of the zona fasciulata and zona recticularis. The 
most common medical treatment protocol is listed in Table 58-6. Mitotane 

should not be used in cats. Hyperadrenocorticism is rare in cats. Metyrapone 
and adrenalectomy have been successful in treating feline patients with hyper- 

adre nocortic ism. 


Pheochromocytoma is treated by adrenalectomy. The animal must be medi¬ 
cally stabilized before surgery to reduce excessive sympathetic stimulation. Phe- 

noxybenzamine (0.2-1.5 mg/kg PO q 1 h) is started at a ow dose and gradually 

increased until hypertension is controlled for 7 to 10 days before surgery. Cardiac 

arrhythmias are controlled with propranolol (0.15-0.5 mg/kg PO q 8 h) or ateno¬ 
lol (0.2-1.0 mg/kg PO q 12-24 h). The a- and [3-blockers should be given concur¬ 
rently. 


For anesthesia, phenothiazines should be avoided because of the potential 
for hypotension. Thiobarbiturates and halothane should not be used because of 
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L Fluid therapy—IV 0.9% Natl 

Correct dehydration over 2-6 h (Percent dehydration x Body weight [kg] 

No, liters fluid). 

Continue IV fluids at a rate of 4-6 mL/kg/h until azotemia and electrolyte 
imbalances are resolved, 

. Glucocorticoid replacement 

Dexamethasone NaP0 4 : Q.2-0.4 mg/kg IV q 8-12 h 
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hyperkalemia {life-threatening bradyarrhythmias, atrial stand 


Ilf. Correct 

still). Three options include: 
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(1) Regular insulin 0.1 U/kg IV followed by 1-2 g 25% dextrose/U insulin. 

Add 100 mL 50% dextrose to 1 liter IV fluids to make a 5% concentre 


tion. 


(2) Calcium gluconate 10%: 50-100 mg/kg IV slowly over 2-5 min while 

monitoring ECG. 

(3) Sodium bicarbonate: 1-2 mEq/kg IV slowly 

IV. Correct hypoglycemia 


: 0,5 g/kg IV bolus followed by 5% solution IV 


F 


25% 
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V. Correct metabolic acidosis 

No. mEq NaHCO s - 0.3 x Body weight (kg) x 

give 1-2 mEq/kg slowly IV and add the remainder to IV 

administered over 1 2 h. 
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fluids to 




VI. Mineralocorticoid replacement—two options: 

(1) Fludrocortisone acetate (Florinef; Squibb): 0.02 mg/kg/d 




'j 


(2) Desoxycorticosterone pivalate (OOCP; CIBA-Geigy): 2 2 mg/kg IM or SQ 


30 d 






VII. Maintenance glucocorticoid supplementation 

Prednisone: 0.2 mg/kg/d PO 

May not be required in dogs receiving fludrocortisone 

Prednisone dosage can be increased (0.4-2 0 mg/kg) in times of stress (sur 
gery, travel, boarding, etc.). 
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the potential for catecholamine'induced arrhythmias. Preferred preanesthetics 
are narcotics and glycopvrrolate followed by isoflurane anesthesia. Animals 
should be monitored with direct arterial bk kI pressure and HOG. 1I\ ^tensive 
crises caused by tumor manipulation can be managed with phentolamine (0.02 
0.1 mg/kg IV). Animals should be monitored for hypotension following tumor 

removal and treated with aggressive fluid therapy if it occurs 

Adrenalectomy usually results in hypoadrenocorticism when the adrenal 
tumor is removed because the normal adrenal gland is atrophied. Preoperative 
treatment for 2 to 6 weeks with ketocona 2 ole (10 mg/kg I ) q 12 h) may mini¬ 
mize the side effects of adrenalectomy. Glucocorticoids (prednisolone sodium 

succinate 1-2 mg/kg IV) should be given immediately before and after surgery 
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1 Mitotane (op'DDD, lysodren, Bristol Meyers) 

A, Induction: 30-50 mg/kg/d PO divided bid for 7-10 d. (for diabetic dogs, de 

crease dose to 25-35 mg/kg/d and watch for hypoglycemia.) 

(1) Prednisolone 0.2 mg/kg/d is given concurrently. 

(2) Discontinue treatment if lethargy, anorexia, vomiting, or diarrhea de 

velop. 

(3) Monitor ACTH stimulation test Ideally baseline cortisol and post 

ACTH cortisol levels should both be between 1-5 pg/dL or 30-150 

nmol/L. 

(a) If cortisol levels are too high, continue daily induction dose and 

recheck ACTH stimulation test in 5-10 d. 

(b) if levels are too low, mitotane must 

sol levels normalize. 

Maintenance: 30-50 mg/kg divided into 2-3 doses per week for life 
(1) If clinical signs return, reinduction for 7-10 d is required and mainte 

nance dose is increased by 25%. 


discontinued until corti 




2. Other treatments 

A. Ketoconazole 

(1) Begin at low dose (5 mg/kg q 24 h PO for 7 d). If no adverse effects 

are seen, increase dose to 10 mg/kg PO q 12 h. 

(2) Check ACTH response after 2 wk. If too high, increase ketoconazole 

to 15-20 mg/kg q 12 h. 

i-Deprenyl (Anipryl, Pfizer Animal Health) 1 mg/kg/d PO Double dose in 

2 mo if no improvement seen. 

(1) May not be effective unless posterior pituitary is involved. 

(2) Safe; side effects rare. 




and continued orally until normal adrenal function returns. The schedule tor 
oral administration begins at a dosage of 0.5 mg/kg q 12 h for 3 days and tapered 

over 10 to 14 days to 0.25 mg/kg q 24 h. This dosage is continued or I to 3 

months until the ACTH stimulation test is normal. Prednisone should not be 

administered within 4 hours of ACTH testing. 


: 1 v{ >adrenocorticism has a good prognosis for long term survival, providing min- 
eralocorticoid and glucocorticoid replacement therapy is continued. Therapy is 
required for life, and mineralocorticoid dosage may need to be increased over 
time if hyperkalemia or hyponatremia reoccur. Supplemental glucocorticoids 

should be given during times of i Iness or stress. 

Hyperadrenocorticism has a guarded prognosis for long-term survival be¬ 
cause of the many complications associated with the disease. The average life 

span following diagnosis is 2 years. Complications include pulmonary thrombo~ 

embolism, hypertension, congestive heart failure, infection, progression of tumor 
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Diabetes mellitus should be diagnosed based on the presence of clinical 
signs compatible with diabetes mellitus and evidence of fasting hyperglycemia 
and glycosuria. Common clinicopathologic features of diaberes mellitus in dogs 
and cats include fasting hyperglycemia hypercholesterolemia, increased liver en¬ 
zymes (alkaline phosphatase, alanine aminotransferase), neutrophilic leukocyto¬ 
sis, proteinuria, increased urine specific gravity, and glycosuria. 

Many cats are susceptible to “stress-induced’* hyperglycemia in which the 

serum glucose concentrations may approach 300 to 400 mg/dL. Renal glycosuria 
may be found in animals with renal tubular disease and occasionally with stress- 
induced hyperglycemia. Glycosylated proteins, such as glycosylated hemoglobin 
and fructosamine, may aid in the diagnosis of diabetes mellitus in cats. Glycosyl¬ 
ated hemoglobin is formed by an irreversible, nonenzymatic binding of glucose 

to hemoglobin. As plasma glucose concentrations increase, hemoglobin glycosyl- 
ation proportionately increases/ 6 Serum fructosamine is formed by glycosylation 
of serum protein such as albumin. The fructosamine concentration in serum is 
directly related to blood glucose concentration. Serum fructosamine measure¬ 
ment may be beneficial in differentiating early or subclinical diabetes mellitus 
in the cat from stress-induced hyperglycemia. Normal fructosamine concentra¬ 
tions in dogs and cats should he less than 360 |imol/L. 6 

Common clinicopathologic findings in DKA include all of the above plus 
azotemia, hyponatremia, hyperkalemia, hyperlipasemia, hyperamylasemia, ke- 
tonemia, regenerative or degenerative left shifts, hyperosmolality, ketonuria, 
hacteriuria, hematuria, and pyuria. 7 Cats in 1 A crisis may develop Hein: Hxly 

anemia. 4 


2 


Insulin is the primary therapy in 1D1 >M. 1 luman recombinant insulin is the 
most available insulin preparation on the market and is perfectly acceptable as 
insulin therapy for all dogs and most cats. 8 Porcine insulin is identical to ca¬ 
nine insulin in its amino acid structure and human insulin is very similar to 
canine insulin. Beef insulin is most similar to cat insulin, differing by only one 

amino acid in the A chain. Insulin preparations may he short-acting (regular 

insulin), intermediate (Lente, NPH), or long-acting (Ultralente, PZI). Regular 

insulin is the most effective insulin for the suppression of ketosis. 

Insulin is commercially available in concentrations of 40, 100, and 500 U/ 

mL, which are designated U-40, U-100, and U-500, respectively. One unit of 

insulin is approximately equivalent to 36 p.g. 8 Regardless of the concentration 
of insulin used for therapy, it is essential to use the appropriate syringe tor the 

concentration of insulin. U-100 insulin syringes are manufactured as low-dose 


capacity. All insulin syringes are packaged with a fine 27-, 28 


or 29-gauge in 

jection needle. In cats and small dogs (<10 kg), the use of low-dose (0.3- o 
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. Hate IV catheter, preferably central venous 
b. Fluid rate: Estimate dehydration deficit (%) x BW (kg) x 1000 mL = no. of mis to rehydrate 

Estimate maintenance needs: 1! ml/lb/h no of hours required to 

re hydrate (24 h) 

Estimate losses (vomiting, diarrhea) 

Dehydration deficit + maintenance + losses = no. mL fluid/24 h = hourly fluid rate 

< Fluid composition 

8toodGfu< ose f hi ids 

>250 mg/dl 

200-2SO 

ISO-200 
100 1 
<100 


K 


Route Monitor 

Packed cell vol¬ 
ume, total sol¬ 
ids, Na, K, os¬ 
molality 

Central venous 

pressure, urine 

output 




frequency 

q 4h 


Q.9% NaCI 
0,45% NaCI 

pi us 2 5 % dex 

trose 

Same 

0 45% NaCI 
plus 5% 
dextrose 


Up to 90 mL/ 

kg/h to rehy- 

drate 


IV 


q 2 h 


rv 


above 

above 

above 


ii 
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ri 


: INSULIN 


tiismas 


Blood Glucose 

>250 mg/dl 

200- 2 50 
150-200 

100-150 

1001V 


Frequency 

q 1-2 h 

q 4 h 


Route 


Dose 

1.1 U/kg (Q or hyperosmolar 
2 2 U/kg (D) 

.1-0,4 U/kg 






q 2 h 






I 








>250 mg/dL 


0 2 U/kg 
0 1 U/kg 
.1 U/kg 

,1-04 U/kg 


Hourly 

Hourly 

q4-6h 
q 6 8 h 






i 


250 mg/dL 






so 


I 






Amount (m£q/L) Added to 
f L Fluids 


Maximum Rate (mUkgth) 


£iectroiyte Concentration 


Potassium 

.0 mEq/L 
25-3.5 mEq/L 
2.1-2.5 mEq/L 
<2.0 mEq/L 
Phosphorus 

1-2 mg/dL 

<1.0 mg/diL 

Magnesium 

12 mg/di 






3. 


12 


m 




7 


Monitor serum phosphorus q 6 


0.01 mmol phosphate /kg/h 

0 03 mmol phosphate/kg/h 


Use 5% dextrose 


.75-1 mEq/kg/dCRI 

Mg Cl, MgSO 


rsi 


I 




and sodium bicarbonate so 




lution 


BALANCE 








Dose of Bicarbonate 

ml IV -- 0.1 x BW 
(kg) x (24 - HCOj) 


81 c a rbona tv Concent/ a tion 


Rate 
over 2 h 




<7.1 


12 mEq/L 
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potassium as outlined in Table 59-1 may be indicated in cats or small doe's suffer¬ 
ing from hypokalemia unresponsive to potassium chloride or potassium phos¬ 
phate supplementation in fluids. 11 

Serum and tissue phosphorus may also be depleted during ketoacidosis. A 
fraction of the potassium supplementation should consist of potassium phosphate 
(one third of the potassium dose as potassium phosphate), particularly in small 
dogs and cats, which are most susceptible to hemolysis caused by hypophos¬ 
phatemia. 111 Caution should be used because excess supplementation of phos¬ 
phorus can result in metastatic calcification and hypocalcemia. In cats suffering 
from DKA, hemolysis may be caused by either hypophosphatemia or Heinz body 

anemia. 


Bicarbonate therapy may be necessary in some patients with blood pH less 

than 7.1 or if serum HCOj is less than 12 mEq/L. 7 Caution is recommended when 

supplementing win! bicarbonate because metabolic alkalosis may be difficult to 
reverse. 




Hi 


nH 


k 


In humans, nonketotic hyperosmolar diabetes is defined b extreme hyper¬ 
glycemia (serum glucose > 600 mg/dL), hyperosmolality (>350 mOSm/L), se¬ 
vere dehydration, central nervous system depression, and an absence of ketones 
or metabolic acidosis. Hyperosmolar nonketotic syndrome in dogs and cats is an 

unusual syndrome characterized by neurologic and gastrointestinal abnormalities 
such as progressive weakness, anorexia, vomiting, and lethargy. 1 These signs are 
preceded by the classic signs of polydipsia, polyuria, weight loss, and polyphagia 

that accompany uncomplicated diabetes mellitus. Physical examination reveals 

severe dehydration, hypothermia, extreme depression, lethargy, and coma. 

In treating hyperosmolar coma, fluid therapy should be administered cau¬ 
tiously by estimating the fluid needs (dehydration deficit) and replacing 80% of 

the deficit over a 12- to 24-hour period. A lower dosage of insulin (1.1 U/kg/ 

24 h) is recommended and insulin therapy should be delayed until 2 to 4 hours 

after initiation of fluid therapy. 1 










Clinical signs of hypoglycemia may be noted with initial insulin therapy 
due to epinephrine release to counter tie hypoglycemia. Nervousness, anxiety, 
vocalization, muscle tremors, ataxia, and pupillary dilation should alert the 

owner to the possibility of hypoglycemia. The animal should be offered food and 

the owner should seek veterinary advice. Late in the course of hypoglycemic 
shock the animal may become recumbent or comatose, or have seizures. If access 
to a vein is not readily available, or if the owner is administering therapy, 50% 
dextrose (Karo syrup, pancake symp) may be applied to oral mucous membranes 
using a large syringe. One should caution the owner to pour the syrup on the 
gums fiom a reasonable distance to prevent accidental injury from biting. The 

owner should transport the animal to a veterinarian as soon as possible. 

On admission, treatment should consist of administration of a slow IV bolus 
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of 50% dextrose (0.5 g/kg diluted 1:4)* Thereafter, a cont inuous infusion of 5% 

dextrose should be administered until the animal can He fed. Many animals that 

experience insulin overdose will suffer cerebral edema and temporary blindness 
or behavior changes; often these signs are temporary and resolve after several 

weeks or months. Endogenous glucose stores may have been depleted by the 
insulin overdose and it may take several days for hyperglycemia to recur. In these 

insulin therapy should be discontinued until hyperglycemia recurs. 


cases 


Uncomplicated diabetes incllitus is generally reporred to have a g< 
nosis it reasonable response to management occurs. Cats may be more difficult 
to maintain disease control; those cats that cannot be regulated have a guarded 
prognosis. DKA and nonketotic hyperosmolar syndrome carry a guarded to poor 

prognosis. 


prog 








Insulinomas are tumors that arise from cells referred to as amine precursor 

uptake and decarboxylation cells (APUD). Other APUDomas include glucago- 

nomas, somatostatinomas, pheochromocytomas, and gastrinomas. Insulinoma is 
the most commonly recognized APUDoma in the dog; however, there are only 
three reported cases of bet a-cell neoplasia in the cat. 12 Insulinoma occurs most 

frequently as a single entity but may be part of multiple endocrine neoplasia 
syndrome (MEN type 1), which consists of a pituitary tumor, pheochromocy- 
toma, and APUDoma of the pancreas. Middle-aged to older dogs and cats have 
been reported to have insulinomas. Dog breeds predisposed to insulinoma include 
large breed dogs such as standard Poodles, Irish setters, German shepherds, col¬ 
lies, Labrador retrievers, Golden retrievers, and boxers. Two Siamese and one 

Persian cat have been diagnosed with insulinoma. 


U 14 


Clinical signs are caused by excessive insulin secretion for neoplastic beta 
cells resulting in decreased serum glucose concentrations. Clinical signs include 
seizures, weakness, ataxia, collapse, exercise intolerance, muscle fasciculations, 
shaking, abnormal behavior, attitude changes, polyphagia, and trembling. Poly* 

neuropathy has been described in dogs. 

The severity and duration of clinical signs are related to the rate of decline 
in serum glucose concentration, rhe duration of hypoglycemia, and the absolute 
serum glucose concentration. Cortisol, glucagon, epinephrine, and growth hor¬ 
mone are released in response to hypoglycemia. 


15 


Hypoglycemia is the primary abnormality observed on the serum chemistry 

pn tile. Gire should be taken to rule out iatrogenic or spurious causes of hypogly- 
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cemia including use of a portable glucose monitoring device (results can be 25% 

below the actual value), old test strips, and delayed separation of serum from red 

blood cells. 16 Whipple’s triad may be used to support a diagnosis of insulinoma. 
Whipple’s triad is composed of (1) symptoms that occur after feeding or exercise, 
(2) serum glucose less than 50 mg/dL at time of symptoms, and (3) symptoms 

relieved by administration of glucose 

The best screening test is serum insulin concentration. To document hyper- 

insulinemia, an animal should be fed a normal meal early in the day then fasted. 

Glucose should be monitored at hourly intervals until the glucose less is less 

than 60 mg/dL; a blood sample should then be obtained for insulin and glucose 

measurement. The animal is then fed small, high-protein meals (1/4 can) hourly 

over the next several hours. Insulin concentration ol greater than 20 pU/mL 

when serum glucose is less than 60 mg/dL is diagnostic for insulinoma. An insu¬ 
linoma is probable if serum insulin is in the normal range (5-20 pU/mL) when 

serum glucose is less than 60 mg/dL. In cases where the insulin concentration 

is suspect but not diagnostic for insulinoma, an amended insulin/glucose ratio 
(AIGR) may be used. 


17 


12,17 


AIGR 


Serum glucose (mg/dL) - 30 


An AIGR above 30 is diagnostic for an insulinoma. Only insulin assays that 

have been validated for use in the dog and cat should be used for the diagnosis of 

insulinoma. 18 

Imaging modalities may be supportive in diagnosis. Radiographs are usually 

not helpful in the diagnosis of insulinoma, but ultrasound of the pancreas may 

document a large pancreatic beta-cell mass or metastasis to regional lymph nodes 

or liver. Scintigraphic imaging of the pancreas has also been described for the 

diagnosis of insulinoma in animals. 


19 


Hypoglycemia should be treated with 50% dextrose administration. Dex¬ 
trose may be applied to oral mucous membranes using a large syringe when the 

animal is stuporous but not having a seizure or if unous access is not readily 

available. IV treatment should consists of slow IV bolus administration of 50% 
dextrose (0.5 g/kg) diluted 1:4 with normal saline. This step prevents thrombo¬ 
phlebitis caused by hypertonic dextrose administration. Following bolus loading, 
a continuous infusion of 2.5% to 5% dextrose should be administered until the 
animal can be fed. The goal of IV glucose therapy is to stop seizure activity. 

Administration of higher 50% dextrose doses in an attempt to restore euglycemia 

may result in rebound hypoglycemia due to provocation of insulin secretion. 12 
Refractory seizures should he treated with corticosteroids, such as dexametha- 

sone, and anticonvulsants. 

Glucocorticoids may be administered to animals with insulinoma to antago¬ 
nize the peripheral effects of insulin. 22 Prednisolone (0.5 mg/lb divided bid) may 
be effective in controlling signs of hypoglycemia by inducing insulin resistance. 
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Myxedema coma is a rare but life-threateiung end result of chronic, severe hypo¬ 
thyroidism in dogs. Affected dogs most commonly described in the veterinary 
literature are middle-aged Doberman pinschers, 2,8,10 hut other breeds have been 
reported as well. 7 Multiple organ systems are involved, including the cardiovascu¬ 
lar, respiratory, thermoregulatory, dermatologic, and neurologic systems. Early 
recognition of the syndrome with appropriate, controlled treatment improves sur¬ 
vival in dogs with myxedema coma, although the mortality rate may reach 50%. 


On physical examination, dogs with classic myxedematous coma have se¬ 
vere hypothermia, bradycardia, decreased amplitude of QRS complexes, thick¬ 
ened, scaling skin, nonpitting edema, hypoventilation, and impaired mentation. 8 
The hypothermia may or may not be appropriate for the degree of challenge 

presented to the dog. It results from a decrease in metabolic rate and dysfunction 

of the thermoregulatory center of the hypothalamus, resulting in decreased en¬ 
dogenous heat production by the patient. 4 Cardiac signs are manifested by low 

amplitude complexes on electrocardiographic examination, bradycardia and, 
sometimes, dilated cardiomyopathy. These can be secondary to lack of stimula¬ 
tion of the sinoatrial cells by thyroid hormone 7 and decreased contractility due 
to reduced numbers of R receptors on the myocardium. Hyponatremia, a com¬ 
mon clinical finding, results from an increase in total body water with a total 

plasma volume decrease. This is due to decreased delivery of ’water to the distal 

tubule of the kidney and a decreased glomerular filtration rate. 4 The increase in 

total body water, with subsequent decrease in total plasma volume, leads to the 
classic nonpitting edema found in dogs. 5 

Hypoventilation occurs secondary to reduced resjxmse of the respiratory 
centers to both hypoxia and hypercapnia. The hypercapnia can also contribute 
to a stuporous or comatose state. 4 Some humans with myxedema coma have 
pleural effusion secondary to congestive heart failure as well, although this has 
yet to be reported in the veterinary literature. Since dilated cardiomyopathy has 
been associated with hypothyroidism in the breeds reported with myxedematous 
coma, careful evaluation of cardiac function should he performed before aggres¬ 
sive fluid therapy is instituted. 5 
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In addition, dogs with myxedema coma usually have a history of muscular 

i nc I ude 
nonhealing wounds. 

Additional clinical findings in dogs include hypercholesterolemia, anemia, hypo 

tension, and hypoglycemia. 


to the peripheral myopathy. Dermatologic signs 


weakness secondary 

thickened, scaling skin, diffuse alopecia and. sometimes 
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causes of weakness and bradycardia. However, blood should be drawn 


in the 

acute stages for confirmation of hypothyroidism by high endogenous thyroid 

serum 

tree T 4 . Endogenous TSH is high in a small number of dogs with nonthyroidal 

illness; however, combined with clinical signs, response 
out of other differentials for the clinical signs described, a 
can usually be made. 
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is the mainstay of treatment for hypothermic 
myxedematous patients. External heat sources such as warm water blankets 
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placement therapy may increase peripheral tissue metabolism without a corre 

sponding response in cardiac output. Slow rehydration with 0.9% NaCl is used 

to restore plasma volume. It is 

myxedema coma have some form of cardiac dysfunction and, therefore, contin 

ued monitoring of central venous pressures should be considered to avoid over 
loading cardiovascular reserve. 

may be required in the acute phases to compensate for hypoventilation 

Thyroid supplementation must be begun via parenteral routes because oral 
bioavailability of thyroxine is low and can he slow in onset. Supplementation 

as soon as a 

clinical diagnosis is made but done judiciously because too rapid restoration of 

the thyroid concentration can result in increased metabolic demand before hy 

>xia is resolved, leading to cardiac dysfunction and arrhythmias.' After naren 


many dogs with 
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via mechanical ventilation 
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teral administration of levothyroxine, oral administration is begun 


as mainte 


nance therapy as soon as the dog is able to take in solid foods. 


Prognosis in humans varies with severity of clinical signs, organ systems 

involved, and early detection of the myxedematous state. 


However, mortality 


have been re 


ported but the success rate seems to be similar. 2,7,8,10 


Copyrighted material 































I Digestive Disorders 


Thyroid storm is a rare hut life-threatening complication of hyperthyroidism in 
humans. 1 lie most common cause has been Graves’ disease, hut other causes of 

hyperthyroidism (i.e,, multinodular goiter, thyroiditis, and overdose of thyroid 

hormone) have been associated as well. 11 Because most cases of feline hyperthy¬ 
roidism in veterinary medicine are analogous to toxic multinodular goiter, thy¬ 
roid storm has not been reported as clinical cases in the veterinary literature. 

However, it has been associated with radioiodine therapy (Ini), an increasingly 
popular therapeutic choice for hyperthyroidism in cats. 


The pathophysiology behind thyroid storm is poorly understood. Studies in 

humans in the late 1980s and early 1990s indicate a rapid rise in free triiodothy¬ 
ronine (Tj)and T 4 concentrations may be the underlying cause. A precipitating 
cause is usually die reason for decompensation as opposed to severe thyrotoxico¬ 
sis, in which the primary disease in the only contributing factor. In the normal 
state of health, the thyroid gland synthesizes and secretes both. The thyroid 
gland is the only source of T 4 in the body, whereas T* comes primarily from 
peripheral conversion of T 4 to Tjin the liver and kidneys. Both are usually highly 
protein bound in the circulation. Only tree, nonprotein bound hormone is meta- 

Ik ally active (Ic>s than 1%) total hormone.* T* is the metabolicallv active 

form of thyroid hormone. Many human patients with thyroid storm have the 
same concentration of total circulating hormone as that found in patients w ith 
uncomplicated thyrotoxicosis. However, their clinical signs arc much more se¬ 
vere. Both T 4 and T 4 concentrations are usually high but not necessarily higher 
than those found in routine hyperthyroid patients. This has led to speculation 
that it is actually the rate of rise of free Tjthat is the contributing factor as 

opposed to absolute values. 1 

Several theories have been proposed to explain the rapid rise in free Tj. A 

rapid release of all thyroid hormones secondary to massive disruption of thyroid 

cells, as seen in patients undergoing Im therapy, could overwhelm available pro¬ 
tein binding capacity, leading to a rapid rise in free T*. 11 A second mechanism 

proposed as a cause for a rapid rise in tree T* is an acute decrease in total binding 

capacity as caused by displacement of thyroid hormone by another drug or extra- 
thyroidal illness. 1 A final propose mechanism is increased sensitivity ot tissues 
to circulating hormone; however, no human or veterinary studies to date have 
supported this hypothesis. 1 




Precipitating events in humans fall into two broad categories: those that 
cause a rapid rise in thyroid concentration and those that are ass^Kiated with an 

acute, extrathyroidal illness. Conditions causing a rapid rise in thyroid hormone 

concentrations that are commonly seen in veterinary medicine include thyroid 

surgery, w ithdraw al of antithyroid drug therapy, and radioiodine therapy. Those 
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Parathyroid Di 

by increasing the synthesis of the active form of vitamin D from its inactive 

form, _! 5-hydroxyvitamin D in the kidney. 

Calcium levels are also controlled by the hormone calcitonin. The primary 

source of calcitonin is rhe parafollicular cell population in the mammalian thy- 
roid gland. Calcitonin produces a hypocalcemic effect by decreasing the calcium 

entry into plasma from the skeleton via temporary inhibition of PTH-stimulated 

bone resorption. In addition, calcitonin increases the rate of phosphate move¬ 
ment out of plasma into soft tissue and bone. PTH and calcitonin are synergistic 
in decreasing the renal tubular reabsorption of phosphorus. The level of ionized 

calcium governs regulation of calcitonin secretion. 

The third major hormone involved in the regulation of calcium metabolism 

is 1,25-dihydroxyvitamin D 3 . Ultraviolet irradiation of ergosterol produces vita¬ 
min l V Vitamin D> or Qy is transformed by the liver to 25-hydroxy-vitamin D 

and then is actively metabolized in the kidney to 1,2 5-hydroxyvitamine D. In 

the skin, ultraviolet light converts 7-dehydrocholesterol to vitamin D* (cholecal- 
ciferol). The target tissue for this metabolite is the small intestine, where it 

stimulates calcium and phosphate ahsorption and increases calcium and phos¬ 
phate utilization from bone. 

Normal serum calcium level in adult companion animals ranges from 8.8 

to 10.8 mg/dL Serum calcium level in immature dogs is approximately 10 to 
12 mg/dL. Calcium is present in the serum in two forms. The nondiffusible form 
is bound to protein (mainly to albumin), constitutes about 45% of the measur¬ 
able calcium, and is biologically inactive. The ionized form of calcium is biologi¬ 
cally active. 
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Primary hypoparathyroidism signifies either subnormal amounts of PTH or 

PTH that cannot react normally with the target cells. Decreased PTH secretion 
results in hype: phospha tern ia, hypocalcemia, and impaired l ,25-dihydroxy vita¬ 
min D production. The two most common etiologies of primary hypoparathy¬ 
roidism are idiopathic atrophy or destruction of parathyroid tissue and iatrogenic 

secondary to surgical removal of parathyroid tissue (Table 61-1). Idiopathic hy 

poparathyroidism has been found in mature, small breed female dogs. The dim 

cal manifestations of hy[X>parathyroidism develop because of reduced bone re 

sorption and reduced calcium levels (4-6 mg/dL). In cats, the most common 
cause of hypocalcemia is iatrogenic following thyroidectomy with damage to the 

parathyroid glands. 

Secondary hyperparathyroidism may be nutritional or renal in origin. Both 

conditions result in altered calcium/phosphorus ratios. Nutritional secondary hy¬ 
perparathyroidism has been reported in a wide variety of species, including the 
dog, cat, and primate. In nutritional secondary hyperparathyroidism, secretion 
of PTH increases to compensate for altered mineral levels. Dietary abnormalities 
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Primary hypoparathyroidism 

Idiopathic 

Post-thyroidectomy 
Puerperal tetany 

Renal failure 

Acute 

Chronic 

Ethylene glycol toxicity 

Acute pancreatitis 

Intestinal m a I a bs orpti on syndromes 

Hypoproteinemia or hypoalbuminemia 

Laboratory error 

Miscellaneous causes 

Phosphate containing enemas 
Anticonvulsant medications 
Hypomagnesemia 


that lead to nutritional secondary hyperparathyroidism are a low dietarf calcium 

level, excessive phosphorus with a normal or low calcium level, and inadequate 

amounts of vitamin D 


3 


«Th r<ai i 




a 




Consistent elevation of blood calcium levels (11.5-12.0 mg/dL indicates 
potential hypercalcemia. Hypercalcemia can be associated with primary hyper* 

parathyroid ism, vitamin D intoxication, malignant neoplasms with osseous me* 

and other malignant neoplasms (pseudohyperparathyroidism) (Table 


tastases 

61*2). 


Primary hyperparathyroidism is usually associated with increased PTH hor* 

mone secretion from parathyroid tumors. Hormone secretion is autonomous and 

is usually associated with an adenoma composed of active chief cells. 

Pseudohyperparathyroidism is a metabolic abnormality in which parathy* 

roiddike hormone is produced by malignant tumors of nonparathyroid origin. 
Pseudohyperparathyroidism has been reported in dogs and cats with malignant 
lymphoma, mammary adenocarcinoma, and apocrine gland adenocarcinoma of 

the anal sac. Lymphadenopathy or abdominal organomegaly may be present in 
lymphoma patients. 
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In dogs and cats with serum calcium concentrations greater than 14 mg/ 

dL, vitamin D and calcium therapy should be started immediately alter recovery 
from anesthesia (Table 6l>4). In cases with severe hypercalcemia (>18 mg/dL), 
vitamin D therapy can he initiated 24 to 36 hours before surgery. 

The initial management in patients with serum calcium levels greater than 
14 mg/dL and increased BUN and creatinine levels is sa 1 ineTurosem ide diuresis. 

Diuresis expands extracellular fluid volume, increases glomerular filtration rate, 

decreases calcium reabsorption, and dilutes serum calcium level. Magnesium and 
potassium levels must he monitored and adjusted it necessary. Other consider' 

at ions may include mithramycin, which decreases bone resorption by inhibiting 
osteoclastic activity, or the use of calcitonin, which decreases bone resorption 

and increases urinary excretion of calcium. 


Acute therapy to control hypocalcemic tetany includes slow IV administra' 
tion ot calcium (0.25 mmol/kg/h) to effect. Once signs of hypocalcemia are 
Controlled, calcium gluconate should be administered subcutaneous (SQ) every 
6 to 8 hours (at the intravenous (IV) dose), and oral calcium and vitamin D 

therapy initiated. Iherapy for postsurgical hypocalcemia includes IV and SQ 

calcium administration. Some dogs, but more otren cats, seem resistant to vita- 


4 


Maximal 


Dose 


1,25- 

d i hydroxycholecalcif 

erol (active vitamin 

Dj, calcitriol) 


0.03-0.06 


1-4 d 


25- and 0.5-mg cap 


sules 


Dihydrotachysterol 


Initial: 0.02-0.01 

mg/kg/d 

I Maint: 0 01-0.02 

mg/kg/24 48 h 


1-7 d 


0.125-, 0.2% 0.4% and 

0.125-mg capsules, 

0.25-mg/mL syrup 


Ergocalciferol (vita 


initial: 4000-6000 
U/kg/d 

Maint: 1000-2000 

U/kg/d-wk 


5-21 d 


25,000- and 50,000-U 
capsules and 8000-U/ 
ml syrup 


min D 2 :i 


Dogs: 1-4 g/d 


Calcium carbonate 


350-1500-mg tablets 


40% 


Cats: 0,5-1 g/d 

Dogs: 1-4 

Cats: 0.5-1 g/d 


Calcium gluconate 


10 % 


500% 650 


1000-mg tablets 


325- and 650-mg tab 


Dogs: 1 -4 g/d 


Calcium lactate 


13% 


lets 


Cats: 0.5-1 g/d 
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Parathyroid Disorders | 

min D in tablet form but respond to the liquid form, file goal oi therapy h to 
maintain the serum calcium concentration within the low-normal range (8-10 

mg/dL) until the remaining parathyroid glands regain control of calcium homeo- 

stasis. Serum calcium should be measured twice daily and the dose or frequency 
of SQ calcium administration adjusted to maintain the serum calcium at 8 to 9 

mg/dL. SQ calcium should be discontinued by gradually increasing the dosing 

interval once serum calcium remains greater than 8 mg/dL for 48 hours. 

Maintenance therapy should target blood calcium levels in the low-normal 
range (8-9.5 mg/dL) through daily administration of calcium and vitamin D 

supplements (see Table 61-4)* Ideally, dogs and cats should remain lospitalized 

until their serum calcium concentration remains between 8 and 10 mg/dL with¬ 
out parenteral support. Thereafter, serum calcium concentrations should be mon¬ 
itored weekly, and the vitamin D dosage adjusted to maintain a serum calcium 

of 8 to 9.5 mg/dL. Serum calcium concentrations greater than 10 mg/dL are 

unnecessary to avoid tetany and increase the likelil «od of 1 iypercalcemia. 

Once serum calcium concentration is stabilized in the low-normal range, 
attempts can be made to slowly taper the oral calcium and the vitamin D to the 
lowest effect dose. Most dogs and cats with primary hypoparathyroidism require 
permanent vitamin D therapy, but the calcium supplement can often be gradu¬ 
ally tapered over 2 to 4 months and then stopped. Supplementing the diet with 

calcium-rich foods (e.g.. dairy products) helps ensure adequate calcium intake. 
Once the dog or cat is stable and maintenance therapy is established, periodic 
re-evaluation of the serum calcium concentration (e.g., every 3-4 months) is 
advisable. 
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Removal of a parathyroid adenoma results in a cure, if one normal parathy¬ 
roid gland remains. The likelihood of persistent or recurrent hyperparathyroidism 
is high with parathyroid hyperplasia, unless all abnormal parathyroid tissue is 
removed. Unfortunately, preventing recurrence of hyperparathyroidism often re¬ 
quires removal of all four parathyroid glands, which produces permanent hypo¬ 
parathyroidism. 

Prognosis depends on the severity of renal changes induced by hypercalce¬ 
mia and on the ability to prevent severe postoperative hypocalcemia. If serious 

renal damage has not occurred and severe postoperative hypocalcemia is avoided, 
the prognosis is excellent. Hypercalcemia may recur weeks to months after sur¬ 
gery in dogs and cats with primary hyperparathyroidism if one or more parathy¬ 
roid glands are left in situ. 
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With owner compliance, proper therapy, and timely re-evaluations, progno 
sis is excellent. 
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The veterinary literature is scant on the investigation of therapeutic modalities 
for status epilepticus (SE) in dogs or in cats. 1 " 3 The existing literature is primarily 
based on human data and/or clinical experience of an author or group of authors. 
This chapter makes no exception. The management and therapeutic approach 

to seizure activity in the emergency setting offered herein are based on the litera- 
ture and our clinical experience. 








Convulsive SE is a life-threatening emergency requiring immediate and vigorous 

treatment The operational definition of convulsive SE is the recurrence of con¬ 
vulsive seizures without full recovery of neurological function (including mental 
status) between seizures, or a single prolonged convulsion. 4 Cluster seizures (CS) 

are defined as two or more seizures occurring over a 24 hour period between 

which the patient regains consciousness. Cluster seizures are treated aggressively 
because they often evolve into SE. A distinction is made between the early stage 

of SE (<30 minutes) and the later stage (>30 minutes). Within 10 minutes 

following a single seizure, there is a massive release of epinephrine and norepi¬ 
nephrine into the circulation. 5 This results in an increase in systemic M< 




pres¬ 
sure, heart rate, and cerebral blood flow. The system responds effectively to the 
first seizures. In a study of dogs with experimentally induced seizures, it was found 

that in the early stage of convulsive seizures, cerebral oxygen supply exceeded 
oxidative demands, and cerebral blood flow kept pace with C0 2 production. 6 In 
the early or compensated stage of SE, metabolic (hyperglycemia, lactic acidosis) 
autonomous (salivation, hyperthermia), cardiovascular (increased cardiac out 
puc, cem ral venous pressure and heart rate), and cerebral effects (increased blood 

flow, metabolism glucose and oxygen utilization) occur but without yet perma¬ 
nent damage. 7 But if the seizures continue, profound deleterious systemic and 
cerebral changes ensue because increased cerebral demands for oxygen and en¬ 
ergy substrate cannot be met. In this late or decompensated stage of SE, the 
metabolic (electrolytic imbalance, hypoglycemia, metabolic and respiratory aci¬ 
dosis, hepatic and renal dysfunction, coagulopathy, muscular necrosis), autono¬ 
mous (hyperthermia), cardiovascular (systemic hypoxia, respiratory collapse, car- 
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diac failure, pulmonary edema), and cerebral effects (failure of cerebral 

autoregulation where cerebral blood flow becomes dependent on systemic blood 
pressure, hypoxia, increased intracranial pressure, cerebral edema) lead to ex- 

treme systemic complications, permanent cerebral damage, and frequently 

death. 7 Although it was believed that the secondary systemic effects were as 
detrimental to the brain as the seizures themselves, there is now abundant evi¬ 
dence indicating that the permanent cerebral neuropathologic damage is primar¬ 
ily the result of the sustained seizure activity and not from the systemic abnormal¬ 
ities. 1 * 










Little data exists in the veterinary literature on the epidemiology of SE. In one 

study, a prevalence of 0.44 percent of the total hospital admission was estimated 

for dous with either SE or CS. 3 In this study, one-third of the dogs had primary 

or idiopathic epilepsy, one-third secondary epilepsy, and in the rest of the dogs 
the cause was undetermined. 3 Generalized convulsive SE is the most common 

type of SE. 
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The spectrum of clinical symptoms at presentation is wide and the etiology 
highly variable. 3 The animal may be normal, as in dogs experiencing a Erst con¬ 
vulsion and having fully recovered at the time of presentation. Other patients 

are in a post-ictal phase, panting, pacing compulsively, and disoriented, while 
others are convulsing while being examined. Finally, some patients in the de¬ 
compensated stage of SE are presented in a coma, with only subtle motor mani¬ 
festations, such as twitching of the eyelids and face or nystagmoid jerks of the 
eyes to indicate that seizure activity is still ongoing. If the animal is not actively 
seizing, it is important to substantiate that a seizure did in fact take place. The 
clinician should not readily accept from the owner that a seizure has occurred 

without a detailed description of what was observed. Neck spasms secondary 

to cervical intervertebral disc extrusion and obsessive/compulsive behaviors are 

examples of disorders that may occasionally be mistaken for seizure activity. Al¬ 
though most owners recognize a convulsion, veterinarians and owners frequently 

fail to recognize complex partial seizures as being seizure activity. Following par¬ 
tial seizure activity, the pet is disoriented and uncoordinated sometimes for up 
to 20 minutes at a time. The owner often reports to the veterinarian only the 
difficulty in walking. Without questioning the condition of the animal's mental 
status during the episode, it is not possible for the veterinarian to recognize that 
a seizure has occurred. 

Due to the controversy in veterinary medicine on the classification of sei¬ 
zures/ it is necessary to define the seizure type because seizure classification has 

an impact on the differential diagnosis. The seizure is classified as generalized if 

there is loss of consciousness. Although generalized seizures are most commonly 
convulsive, non-convulsive generalized seizures do occur but are rare. The seizure 
is classified as partial (with or without secondary generalization) if the patient 
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remains conscious (simple partial seizure) although the mental status may be 

altered (complex partial seizure). The presence of an aura indicates partial sei' 

zure.® We distinguish four categories of patients presented for seizure activity: 


873 






1. Ti ne patient experiencing a single convulsion, CS» or 

with no history of systemic illness. Regardless of the animal's breed, age, 
and seizure type (partial or generalized), if a detailed history fails to indicate 

any abnormalities prior to the development of the seizures, if the physical 

and neurologic examinations are unremarkable and the data base (CBC, 
chemistry, urinalysis) is within reference range, the animal likely has an 

idiopathic (unknown) form of epilepsy. Only if the animal develops acute 

convulsive SE can a toxin be incriminated. 


for the first time 




ized seizures with a history in 


IT3CT 


patient experiencing partial or 
dkative of a neurologic disorder days to weeks preceding the onset of sei¬ 
zures. The epilepsy is secondary to an active brain disease, ie, a space-occu- 

pying lesion brain neoplasia, granuoma), an encephalitis, etc. 

3. The patient presented in complex partial status (eg, continuous twitching 

of the facial muscles) with no history of previous illness, or neurologic defi- 
cits preceding SE. The animal may exhibit facial twitching, head bobbing, 

or head jerks that may last minutes, days, or months. Pending the severity 

of the clinical signs and frequency of the episodes, this type of seizure may or 

may not be treated since they often do not progress into generalized seizures. 

The nimal is already 


2 . 


known epileptic patient experiencing CS or 

on maintenance antiepileptic drugs (AEDs) such as potassium bromide 

(KBr) and/or phenobarbital (PB). The owner may have administered diaze¬ 
pam in the rectum as an in-home emergency measure. 
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The diagnostic evaluation consists of rapid assessment of the overall condition 
of the patient, the need for emergency treatment, and integrating this informa¬ 
tion with the history, seizure pattens and physical and neurologic examinations 

to determine a probable cause of the seizures. 

One cannot emphasize enough the need for a thorough history of the home 

behavior to evaluate the animal's mental status prior to seizures or between sei¬ 
zures. Even subtle behavioral abnormalities are important m the diagnosis ol 
active brain diseases. The animal may be more withdrawn, quiet, or disoriented. 
Observation of the animal's behavior in the hospital environment is insufficient 

to carry a judgment on the animal's mental status in the few days or weeks 

preceding the seizures, and even less if the animal is in post-ictal phase, or seizing 

at the time of presentation. Contrary to secondary epilepsy (neoplasia, encepha¬ 
litis, etc.), in idiopathic causes of seizures, there are no mental changes. 

Upon presentation of the seizing patient, the physical examination is rap¬ 
idly performed to evaluate the need fur emergency treatment. The animal's men¬ 
tal status, capillary refill, respiratory and heart rates, and body temperature are 

parameters useful to stage the animal's condition. The abnormalities found must 
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be taken in light of the CS or SE. The evaluation of the mental status (by 
history and examination), the responses to menace gesture and nasal septum 
stimulation, and the proprioceptive positioning are four tests of the neurolog¬ 
ical examination that target specifically the cerebral cortex. Bilateral and sym¬ 
metric neurologic deficits are expected in the animal in the post~ictal phase k* t:, 
absent menace and nasal septum response bilaterally). Presence of asymmetry 

in the neurological examination is a strong indicator of focal cerebral disease 

justifying further diagnostic work up (cerebrospinal fluid and/or magnetic reso¬ 
nance imaging). The neurologic examination should be done with attention to 

detail especially when performing these tests because the abnormalities may be 
subtle. 


Abl 


sample should be collected as soon as possible to assess the systemic 

status of the animal and to rule out life-threatening conditions such as hypoglyce¬ 
mia or hypocalcemia. CBC, serum biochemistry profile, electrolytes, and blotxl 
gas analysts determine if concurrent metabolic disorders (ie, insulinoma, hepatic 

encephalopathy, ethylene glycol toxicity) and acid-base imbalance need to be 

addressed. It the animal is being treated with AED(s), obtain blood for AEO 

level measurements. 


The seizure pattern (age at onset of seizures, seizure type, and seizure fre¬ 
quency) is a crucial element in establishing a differential diagnosis. The recogni¬ 
tion that a seizure is partial (eg, aura) at onset implies the presence of a focal 

cerebral disease even if the seizure generalizes later on. Generalized seizures occur 

with toxicity, genetic epilepsy, and in reactive (secondary to metabolic diseases) 
seizures. Tox i n - induced seizures rapidly evolve into convulsive SE once the sei¬ 
zures appear. It is the toxin present within the central nervous system (CNS) 

that leads to seizures. The animal seizes to death or until treatment is applied, 
here is no recovery time between the seizures. Seizures of metabolic origin, 

such as hypoglycemia or portosystemic shunt, should be generalized from onset. 
However, if the metabolic disease has been present for a long duration, brain 
damage may ensue and the seizures may then be partial with/without secondary 
generalization. Arrhythmia is a rare, if ever, cause vt seizures in the dog but 

central nervous system diseases may cause cardiac dysfunction. 

The combination of history, seizure pattern, and animal's signalment is of 

extreme cliagnostic value. In idiopathic epilepsy, the dog is usually less than three 
years of age at the first seizure and is otherwise healthy. The seizures are general¬ 
ized or partial with rapid secondary generalization, and the seizures frequently 
occur when the animal is asleep or resting. In large breeds of dogs with idiopathic 

epilepsy, CS becomes increasingly more frequent with occasional subsequent SE. 

In I'ugs, a diagnosis of Pug encephalitis is likely if the animal is young and has 

a history of abnormal behavior accompanying or preceding the seizures. 






The goal in the treatment of CS and SE is to end all clinical and electrical 

seizure activity as rapidly and effectively as possible. The treatment becomes a 
balance letween ending seizure activity rapidly while avoiding respiratory and 
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cardiac depression secondary no the anti-epileptic treatment. The therapeutic 

principle in CS or SE is that the more frequently the animal has seized in a 

given time, the more drugs, time, and money will be necessary to control the 

seizures. 




Emergency measures include immediate evaluation and correction of the 
physiologic abnormalities that may be present as a consequence ot the CS or 
SE. These principles include the following: 


The ABCs of all emergencies (i.e., stabilization of Airway, Breathing, and 
Circulation). 

2. Obtain bl 


. 


sample for hematology and chemistry profile, and AED serum 
levels if the animal is treated with PB phenobarbital and/or KBr. Consider 
sampling for toxicologic analysis and infectious disease titers. 

Place an intravenous catheter in a large vein and keep it open with saline- 

based fluids. Avoid dextrose-containing solutions because of the potential 
precipitation of AEDs. An in-line burette is added to the fluid line and the 

use of an infusion pump is strongly recommended to control fluid administra¬ 




3 . 


tion rate. 

4. A dextrose intravenous (IV) bolus is administered (1 ro 5 ml 50% dextrose 

over 10 minutes) only in documented hypoglycemia. There is evidence that 

hyperglycemia may exacerbate SE neuronal damage. 9 

5. Hyperthermia (T > 39.5°C) exacerbates neuronal damage and should be 

rapidly corrected with fans and cold water. 

6. Acidosis does not usually necessitate treatment because the pH normalizes 

quickly once SE is stopped. 


Status eptlc j pttcu.s treatment is applied to convulsive SE, severe partial SE, 

and dogs that have had more than one seizure in the last 24 hours. Specific 

treatment consists of drug administration to stop the seizures, ideally, the drug 

selected should be available for parenteral administration, have a high lipid solu- 

hility so it penetrates and distributes to the brain rapidly, be stable in solution, 
not react with plastic sets, not precipitate with other medication, have low toxic¬ 
ity at therapeutic doses, and a rapid and sustained duration of action. 7 No single 

drug has all features but the combination of diazepam (DZ) and PB has many 

of the requirements. The following protocol is used in SE management: 


1. Initiate AED to stop al I gross motor seizure activity or to rapidly reach thera¬ 
peutic serum levels in the non-seizing dog 

Diazepam V bolus 0.5-1.0 mg/kg is administered. Rectal DZ is re¬ 
served for patients where an IV access cannot be successful Iy obtained. 

Wait 5 minutes, and if SE persists, repeat DZ bolus. 

2. To prevent recurrence of seizures, a constant rate infusion (CR1 \ of DZ at 
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epileptiform activity. The recommended dose in dogs is 2 mg/kg IV 
slowly to effect, followed by 5 mg/kg/hr infusion to effect. This dosage 
results in general anesthesia commonly referred to as barbiturate coma. 

Pentobarbital may be used to treat on-going SE when all else has failed. 

In severe CS or SE, dexamethasone 0.25 mg/kg IV is administered once 

daily for 2-3 days unless an infectious process is suspected. 

6. Maintenance oral AED therapy is initiated or resumed as soon as the animal 

can swallow. Antiepileptic treatment is recommended at the second general¬ 
ized seizure (regardless of the length of tune between seizures) in the young 


5. 


Potassium bromide is used as a first line maintenance AED in 

patients with primary or idiopathic epilepsy. The half-life is long, neces¬ 
sitating a loading dose. Although loading a dose of 600 mg/kg is advo¬ 
cated, 60 mg/kg/day over a 10-day period is preferable to avoid exces¬ 
sive sedation and polydipsia/polyuria. The dose is thereafter reduced 

to 30 mg/kg q24hrs. 

Phenobarbital can be used as a first line AED when it is crucial 

to obtain therapeutic serum levels as rapidly as possible. A loading dose 

of 5 mg/kg ql 2hrs for 2 days is given to reach therapeutic range followed 

with a dose of 5-8 mg/kg divided ql2hrs. 

If the animal is already treated w'ith ! B and/or \Br and has subth- 

erapeutic drug levels, the dose(s) is (are) adjusted. The optimal thera¬ 
peutic range for PB is 100-130 umol/L (23-28 pg/mL) and for KBr > 

20 mmol/L. If used as single therapy, the optimal therapeutic serum 

level for KBr is 22-30 mmol/L. 

In complex partial SE, oral clonazepam, 1-2 mg tablets q8hrs, is 
recommended if treatment is deemed necessary. In humans, clonazepam 

has a beneficial effect on partial complex seizures and anxiety or panic 
disorders. Our personal experience suggests a beneficial effect in some 

clogs as maintenance therapy. There are no therapeutic reference ranges 
for the dog. The maximum recommended daily dose is 2 mgi|8hrs. Like 

most AEDs, the drug must be discontinued gradually to avoid with¬ 
drawal seizures. 

7. The patient is discharged from the hospital after a 24-hour period without 

seizure. 


It is our experience that treatment failure in CS and SE is often related to delayed 
treatment. It is crucial that AED treatment be early and as aggressive as the 
patient can tolerate. In a study of dogs with CS or SE, a poor outcome was 

significantly associated with granulomatous meningoencephalitis, recurrence of 

seizures after 6 hours of hospitalization, and the development of partial SEd In 
many large-breed dogs, epilepsy progresses to refractoriness and is more likely to 
be presented with severe CS or SE. 
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The symptoms for which animals with ocular trauma are presented depend on 

whether the trauma was blunt or sharp and on the severity of the trauma. Blunt 
trauma may lead to episcleral hemorrhage, hyph 
detachment, or aroptosis. Emergency therapy for intraocular hemorrhage consists 

of frequent applications of topical atropine ophthalmic medications (unless U ‘Ps 
are elevated), topical and systemic antibiotics, and topical or systemic anti-in¬ 
flammatories. Steroids are the anti-inflamnxatories of choice unless they are con- 
traindicated either topically (by a comeal ulcer) or systemically (by systemic 
infection or diabetes mellitus'. In such cases, topical and oral nonsteroidal anti¬ 
inflammatories may be used. 

Retinal detachments may lx* primary due to blunt trauma or secondary to 

retinal tears following penetrating trauma. An anti-inflammatory dose of sys¬ 
temic steroids is important therapy in the early stages of exudative retinal detach¬ 
ment.* Rapid referral to a veterinary vitreoretinal surgeon may be required to 
save vision in mam cases. 

Proptosed globes should be replaced as soon as the patient is stable enough 
to undergo general anesthesia. The globe should be well lubricated until surgery 

can be performed. An excellent method of replacement of the globe h shown 

in Figure 63-1. Systemic anti-inflammatory therapy should be given after globe 
replacement to decrease swelling and possibly reduce optic nerve inflammation. 


vitreal aemorrhage, retinal 
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Uveitis is an important component of many infectious systemic diseases in do¬ 
mestic animals (Tables 63-1 and 63-2) 7 and anterior uveitis (iridocyclitis), poste¬ 
rior uveitis (chorioretinitis), or both may be the presenting complaints of these 
diseases. 1 Clinical signs of anterior uveitis include episcleral and conjunctival 

hyperemia, blepharospasm, epiphora, cloudy cornea, aqueous flare, and miosis. 
Animals with chorioretinitis may present with visual disturbances due to hindic 

abnormalities such as retinal detachments and subretinal debris. 

Animals with ocular inflammation should receive aggressive ocular anti¬ 
inflammatory therapy. This therapy should include both topical and systemic 

anti-inflammatory drugs and mydriatics. Steroids should be administered topi¬ 
cally unless contraindicated. Systemic, nonsteroidal anti-inflammatory drugs 
may be given, because in most infectious diseases systemic steroids are con¬ 
tra indica red. In addition, the pupils should be kept dilated with topical atropine 

ophthalmic medications to alleviate pain and prevent posterior synechiae. The 

prognosis is usually guarded in these cases but depends on the nature of the 
infection. 
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In dogs presented for acute vision loss, diabetes mellitus should be consid¬ 
ered among the differential diagnoses.** 9 Vision loss in diabetes mellitus is due 
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Figure 63-1 

Replacement of prolapsed globe. (Reprinted with permission from Severin GA: Veteri 

nary Ophthalmology, 3rd ed. Fort Collins, CO: GA Severin, 1995, p 492). A. Cross-sec¬ 
tional and lateral view of the prolapsed eye. B, 

The eyelid can be pulled away from the globe enough to place the suture. After the 
suture has been placed the eyelid returns to the edge of the globe. C. Three sutures 
have been placed. The globe is lubricated with ophthalmic ointment. A Bard-Parker 
handle is placed between the globe and the sutures. Tension on the sutures will si¬ 
multaneously apply pressure to the globe and pull the eyelids around the eye. D. 

The eye is replaced andl the sutures are ready for tying. E. The sutures are tied. Addi 
tional split-thickness tarsorrhaphy sutures may be placed if needed. 


to the rapidly developing bilaterally symmetrical cataracts that frequently are 
associated with this disease. 8,9 Cataract development in dogs with diabetes melli- 
tus is attributed to the accumulation of sorbitol within the lens. This leads to 
increased lenticular osmolarity and consequent inflow of aqueous humor, which 
disrupts the lens fibers. In addition, biochemical changes occur that lead to al¬ 
tered electrolyte activity and to lens opacification. 

No available medical treatment reverses diabetic cataracts. In most cases, 
however, topical anti-inflammatory therapy (either steroidal or nonsteroidal) 

should be started immediately because, lenticular protein leak leads to lens-in 

duced uveitis. Once uveitis is controlled and the patient’s bkx>d glucose is stabi 
lized, the animal may be referred for cataract surgery 


v.io 
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Low serum calcium levels may be due to puerperal tetany, ethylene glycol 
toxicity, dietary imbalances of calcium and phosphous, or hypoparathy¬ 
roidism. 1,11,11 Characteristic focal to punctate linear cataracts in the anterior and 
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Prototheca spp. 




Bruce!fa cants 

Bor re I ia burgdorferi 

Leptospira spp. 

Septicemia of any cause 

Fungus 

Blastomyces derma tit id is 

Cocctdiodes immits 

Cryptococcus neoformans 

Histoplasma capsufatum 

Other mycoses 

Parasites 

Ophthalmomyiasis interna posterior 

Ocular filariasis (Dirofilaria immitis ) 

Ocular larval migrans (Toxocara and Balisascaris spp.) 

Protozoa 

Leishmania donovam 
Toxoplasma gondii 
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Bhrlichia canis or piatys 
Rickettsia rickettsii 


Virus 

Adenovirus infection 

Distemper virus 

Herpesvirus 

Rabies 


Reprinted with permission from: Collins BK, Moore CP: Canine anterior uvea, in 
Geiatt KN, ed : Veterinary Ophthalmology, 2nd 
1991, p3S7. 
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posterior lens cortex are common ocular manifestations of hypocalcemia in the 

dog 11112 (Fig. 63-2). The degree and duration of hypocalcemia required to pro- 

duce these cataracts is unknown, but treatment of the underlying disorder and 
calcium supplementation will gradually stop the formation of new focal opaci- 
ties. 1 The existing opacities will not disappear, 1 
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Hyperadrenocorticism has been associated with ocular lesions consisting of 

progressive and nonhealing comeal ulcers that may be presented as emergencies. 1 

In one study, 10 *'t 57 dogs affected with hyperadrenocorticism had unilateral 

comeal ulcers that were refractory to routine medical or surgical therapy. 1 ’ The 

etiology of the ulcers was not determined, but the condition may have been due 
to a combination of retarded healing ability of the comeal epithelium and the 
presence of keratoconjunctivitis sicca (KCS) in many of the dogs. 11 In such cases, 
the comeal ulcer also should be treated aggressively with antibacterials, anticoh 
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Animals with platelet counts below 50,000 cell$/|iL usually have ocular 

petechiae. Hemorrhages often occur earlier in retinal blood vessels than in mu¬ 
cous membranes; thus the presence of retinal hemorrhages may be an early indi- 

cator of thrombocytopenia. 20 An acute loss of platelets is more likely to lead to 
ocular hemorrhages than a more chronic loss/ Therapy is directed at treating 

the underlying disease and includes transfusions of whole blood or platelet-rich 
plasma. 
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Severe anemia may lead to fundic changes including retinal hemorrhage 
pale retinal vessels, and changes in tapetal reflectivity. 1 Hemorrhage is often seen 

when the hematocrit drops to 5% to 7% and may be secondary to hypoxia of 

the vessel walls. 1 Treatment for the anemia will lead to resolution of the hemor¬ 
rhages, but pigmentation of the fundus it ta\ remain in the areas of previous hem- 
oi: hage 
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Ophthalmic signs of polycythemia in dogs and cats include engorged and 

tortuous retinal blood vessels, retinal hemorrhages, and diffuse retinal detach 

ment. 12124 Therapy involves treating the primary cause, and if provided early 
mas prevent retinal etachments. 
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A syi drome of retinal detachment has b een identified in animals that have 
compromised renal function and arc being given intravenous fluids. 1 The syn¬ 
drome begins with multiple, subretinal bullae of clear fluid that coalesce and 
enlarge to the point that they detach the retina. 1 There are no retinal hemor¬ 
rhages and the animals are not hypertensive. 1 Decreasing the amount of fluid 

given or correcting the renal disease will allow the subretinal fluid to be reab- 

sorbed and me retinas to reattach. 
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Both primary and metastatic neoplasia may involve the eye. Animals with 
primary ocular neoplasms may present to emergency clinics as cases of uveitis, 
intraocular hemorrhages, ocular masses, or vision loss. Primary ocular tumors 

reported in dogs include limbal (epibulbar) melanomas, anterior uveal melano¬ 
mas, choroidal melanomas, cilia y body adenomas, carcinomas, medulloepitheli- 

omas, and astrocytomas . 24 The most common secondary ocular neoplasm in dogs 

and cats is lymphoma, and ocular disease may be the presenting complaint in 

these cases 

with lymphoma 


Secondary glaucoma and keratitis have also been reported in dogs 




24 


Numerous other types of malignant tumors (especially adeno 
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carcinomas) are known to metastasize to the eye, and their clinical presentation 

is similar to those of lymphoma 
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In dogs, administration of trimethoprim'sulfadiazine (TMS) and other sulfa 
drugs (even given at therapeutic levels) may lead to decreased tear production 
and even to overt KCS. 26 2 7 Affected dogs may present to emergency clinics with 
an acute onset of ocular pain, squinting, and mucoid or purulent ocular discharge. 

Corneal ulcers, which could become infected and deepen, may also be present. 
Decreased tear production can occur as early as 2 to 3 days after the initiation 

of sulfonamide treatment, but the average duration of treatment before the onset 

of K IS usually is much longer (41-91 days). 26,27 Immediate discontinuation of 
TMS therapy is essential for the return of tear production. In many cases, topical 

treatment with cyclosporine ophthalmic ointment (a lacrimogenic drug) and a 
topical triple-antibiotic ophthalmic preparation is indicated. The prognosis is 
guarded because in some cases TMS may entirely destroy the lacrimal glands 

and thus there is no response to cyclosporine therapy. 

Overdoses of ivermectin can lead to blindness in the dog. Blindness usually 

occurs only in cases of gross overdosing (such as a dog being given oral prepara- 

tions designed for large animals), but some breeds such as collies are very sensi- 
tive to the drug and may develop signs when given a canine therapeutic dose. 
Other presenting clinical signs of ivermectin toxicity include ataxia, depression, 
mydriatic pupils, and muscle tremors; blindness may occur, without other neuro¬ 
logic signs. 1 Ophthalmoscopic signs include retinal edema with folds and papi¬ 
lledema. 1 Dogs with ivermectin-induced blindness generally recover vision 
within 1 to 10 days if given supportive therapy 

Coumarin toxicity due to consumption of rodenticides may lead to ocular 

or orbital hemorrhages in many species. 1 Affected animals may present with ex- 
ophtha mos (due to retrobulbar temorrhage) and the diagnosis may 1 confused 
with that of a retrobulbar abscess or tumor. 1 Treatment of these cases should be 
directed at protecting the eye from exposure keratitis as well as treating the 
platelet abnormalities caused by the toxin. 

Ethylene glycol toxicity has been reported to cause retinal detachment and 
blindness in a card 0 Toxicity was thought to have been due to crystalization of 
oxalates within the retina, but it may have been secondary to renal failure associ¬ 
ated hypertension. 31 
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Myasthenia gravis (MG) is an autoimmune neuromuscular junction disorder in 
which antibodies are produced against nicotinic acetylcholine (ACh) receptors 
of skeletal muscle. The resulting impairment of neuromuscular transmission is 
clinically manifested as muscle weakness. 1,2 MG is a relatively common immune* 

mediated disease in dogs, but is infrequently diagnosed in cats, n both species, 

the variety of clinical forms in which the disease presents can pose a diagnostic 
c hallenge to the clinician. In addition to a high index of suspicion, knowledge of 

the clinical aspects of acquired MG is beneficial to timely diagnosis and therapy. 

Abundant information exists concerning the pathophysiology, epidemiol- 

ogy, and diagnosis of MG. However, few clinical data address therapeutic efficacy 
and overall disease prognosis in dogs. Clinical information regarding acquired 
MG in cats is even less complete; the incidence of MG appears to be lower and 
typically less severe, compared with dogs. 1, 8 Accordingly, most of the informa¬ 
tion in this chapter focuses on canine MG, with occasional references made to 

the feline disorder. This chapter reviews the salient climcal features of acquired 

MG and focuses on aspects of treatment and prognosis. 




The underlying abnormality in MG is a lack of functional ACh receptors at the 
end-plate regions of skeletal muscle. A heterogeneous group of autoantibodies, 
primarily of the IgG class, are produced by B lymphocytes, following antigen 

processing and presentation by macrophages to helper T lymphocytes. The auto- 
anribodies primarily target an extracellular region of the ACh receptor, referred 
to as the main immunogenic region. Proposed mechanisms tor autoantibody im¬ 
pairment of neuromuscular transmission include accelerated endocytosis of anti¬ 
body cross-linked ACh receptors, complement-mediated destruction of postsyn- 

aptic muscle cell membrane adjacent to ACh receptors, decreased synthesis and 
incorporation of new ACh receptors, and direct interference with ACh receptor 

function by bound antibody. The decreased number of functional ACh receptors 
increases the chance of failed neuromuscular junction impulse transmission. Al¬ 
though the thymus is believed to play an integral role in the initiation of the 
autoimmune response to ACh receptors, the factors responsible for triggering 

the autoimmune process remain a mystery 
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Dog breeds commonly associated with MG include golden retrievers, Labrador 
retrievers, and German shepherds. 1 Although these breeds may appear overrepre¬ 
sented in disease incidence, their popularity accounts for much of the apparent 

association with MG. Akitas an 1 terriers appear to have a high t reed predilec¬ 
tion for developing MG. 5 There have been several reports suggesting a predilec¬ 
tion for Abyssinian and Somali cat breeds. 6 ^ The existence of breed predilections 
for canine and feline MG supports the contention that genetic factors play a 
role in the disease pathogenesis. There is a bimodal age distribution in dogs and 
cats, with peaks at approximately 3 and 10 years of age. Both males and females 

are equally likely to develop acquired MG, 16 Sexually intact dogs may be slightly 

less likely to develop MG than spayed and neutered dogs. 
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Common historical complaints offered by owners of myasthenic dogs and cats 
include swallowing difficulty, vomiting/regurgitation, hypersalivation, coughing, 
labored breathing, and limb muscle weakness. Owners often report that their 
dog is vomiting; eliciting a detailed description of the “vomiting” events usually 
reveals them to be episodes of regurgitation. A history of a “voice change, 
change in the quality of the bark or meow, is occasionally elicited from the 
owner. Some unique features of myasthenic cats that occasionally occur include 

a dropped jaw and ventroflexion of the neck. 

The concept of a “classic” clinical presentation of the myasthenic patient 

should be abandoned in light of the recent description of multiple clinical forms 

of the disease (Table 64-1). The clinical forms of MG have been divided into focal, 
generalized, and acute fulminating categories. 1,6 Patients with t * ,il MG exhibit 

no clinical evidence of appendicular muscle weakness, and typically exhibit clinical 

signs associated with dysfunction of “bulbar” musculature (i.e. t pharyngeal, esopha¬ 
geal, facial, laryngeal muscles). Generalized myasthenics display appendicular mus¬ 
cle weakness, usually in combination with weakness of “bulbar” muscles. Dogs and 




or 


1 , 6,7 


no clinical signs of appendicular weakness 


Megaesophagus alone 


Pharyngeal weakness, laryngeal weakness, facial muscle (e 
weakness, with or without megaesophagus 


blink reflex) 




*0 


linical signs of appendicular weakness 

With (usually) or without focal ("bulbar*) signs 

Predominantly/exclusively pelvic limb weakness 
Approximately equal weakness in thoracic versus pelvic limbs 

i 

Acute Fulminating MG—rapid onset and progression of severe weakness 

Profound "bulbar" and appendicular weakness 

Acute onset, rapid progression to nonambulatory tetraparesis and respiratory 

distress 

Usually fatal 
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Figure 64-3 

Repetitive nerve stimulation. The decremental response shown in (B) supports an MG 

diagnosis. (Reprinted with permission. 1 ) 


Tests that support the MG diagnosis include edrophonium challenge (tensi- 
Ion response) test, repetitive nerve stimulation (RMS), and single-fiber electro¬ 
myography i(SF-EMG). 1,2,7 The edrophonium challenge test involves intravenous 

administration of edrophonium, and observation for an increase in muscle 
strength. The dose of edrophonium chloride is 0.1 to 0.2 mg/kg for dogs, and 
0.25 to 0.50 mg per cat. 1,7 To avoid a cholinergic crisis from this drug, the author 
routinely premedicates with a muscarinic anticholinergic (e.g ., atropine or glye 

pyrrolate) and has one of these drugs available during the test. l\ie to the subjec¬ 
tive nature of this test, it is most useful in cases with obvious appendicular muscle 
weakness. An unequivocal improvement in ambulatory function after edropho¬ 
nium administration constitutes a “positive” test result. Although an obviously 

“positive” edrophonium challenge test result is clinically useful, a “negative” or 

“questionable” test result is typically not helpful in ruling out MG. 1,7 Patients 
with acute fulminating MG tend to have “negative” edrophonium challenge test 

results, presumably due to a lack of available ACh receptors. 

Repetitive nerve stimulation involves measuring successive compound mus¬ 
cle action potentials (CMAPs) induced by repetitively stimulating the nerve 
that supplies that muscle. A decremental response (>10%) is highly supportive 
of a diagnosis of MG (Fig. 64-3). lA7,9 On occasion, the author has observed a 

decremental response to facial nerve stimulation in focal MG cases when a limb 
RNS is normal. The edrophonium challenge test can be performed in conjunc¬ 
tion with RNS; normalization of a decremental response after edrophonium 
chloride administration is interpreted as a “positive” result. 9 SF-EMG is thought 
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receptor antibody concentration (81% reduction) in 4 of 5 dogs in a recent 

report. Subsequent experience with AZA as a sole immunosuppressive therapy 
for canine acquired MG has been encouraging. Although AZA appears to be 

an effective immunosuppressive drug for canine MG, there is a lag time of several 
weeks from onset of therapy to appreciable clinical effect. 10 Therefore, AZA may 
not be an optimal drug choice in the severely affected or rapidly worsening dog 

with MG. AZA is well tolerated in dogs, but patients must be monitored for 
potential side effect. Side effects of AZA therapy typically resolve with dose 
reduction or temporary discontinuation of the drug. Cats are more susceptible 
to severe and potentially irreversible bone marrow suppression from AZA; this 
drug should be avoided in feline patients. 

Cyclosporine (Neoral, Novartis Pharmaceuticals) is a lymphocyte-specific 
immunosuppressive drug that interferes with T-cell activation and proliferation 

via inhibition of interleukin-2 (IL-2) activity. Cyclosporine appears to be an 
effective immunosuppressive agent in the treatment of human MG. 2,19 No clini¬ 
cal information is available concerning the use of this drug for canine and feline 
acquired MG, other than a brief mention of one myasthenic cat that was success¬ 
fully treated with cyclosporine. 6 Cyclosporine is well tolerated by both cats and 
dogs and has been used successfully as an immunosuppressive drug for other auto¬ 
immune conditions as well as an antirejection agent following renal transplanta¬ 
tion 1 The recommended immunosuppressive dose of cyclosporine (Neoral) in dogs 

and cats is 2.5 to 5.0 mg/kg, q 12 h, and 0.5 to 2.5 mg/kg, q 12 h, respectively. 

Cyclosporine may become an attractive immunosuppressive dmg choice for canine 

and feline acquired MG, due to its rapid onset of immunosuppressive activity, 
lymphocyte specificity, and low incidence of side effects. Unlike humans, dogs and 
cats do not develop nephrotoxicity or hepatotoxicity from cyclosporine administra¬ 
tion. 


7,18 


20 


20 


Mycophenolate mofetil, [(MMF) CellCepr, Roche Pharmaceuticah|, is cur¬ 
rently under investigation as a potential treatment for canine MG. 21 The active 
compound, mycophenolate (MPA), inhibits the action of inosine monophos¬ 
phate dehydrogenase (IMPDH), an enzyme necessary for the de novo pathway 

of guanosine triphosphate (GTP) synthesis. Lack of GTP availability impairs the 

ability of lymphocytes to synthesize ON A, RNA, proteins, and glycoproteins. 

A dose (oral or through a gastrostomy tube) of 20 mg/kg, q 12 h is currently 
recommended, based on the available literature and limited case experience. The 
onset of action of the drug is rapid and appears to exert a clinical benefit within 
the first week of therapy. 

Gastrointestinal side effects (anorexia, vomiting, diarrhea) represent a po¬ 
tential drawback to MMF use, but these side effects tend to resolve with dose 
reduction or temporary discontinuation of the drug. 2122 There is considerable 

variability in the pharmacokinetics of this drug among dogs, when administered 

orally, and there may also be some level of enterohepatic recirculation of drug. 

Because this drug is eliminated via hepatic glucuroniTttion and subsequent renal 

excretion, its use in cats should be avoided until information regarding safety 

in this species becomes available. 
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Thymectomy is an important therapeutic option in human MG. Beneficial 

effects of thymcctonv are most apparent in cases of thymic hyperplasia. Thy 
moma removal does not consistently improve the myasthenic condition in hu 
man beings'; in fact, clinical signs of M( i occasionally worsen ollowing thymoma 

removal in people. The main goal of thymoma removal, or thymomcctomy, is 
to remove a neoplastic mass from the thoracic cavity, and not prima ily to im¬ 
prove control of MG. 

The importance of thymic hy; erplasia in canine and feline acquired MG 
remains to lx? investigated. Radiographic evidence of thymoma is occasionally 

found in middle-aged to older myasthenic dogs and cats. 16 In a recent study 
radiographic evidence of a mediastinal mass was apparent in only 3.4% of dogs 
with MG.' In contrast, two recent studies of feline MG reported incidences of 
mediastinal masses of 15% and approximately 26%, respectively. 6,8 In the major¬ 
ity of reported cases concerning thymoma removal in myasthenic dogs, the pa¬ 
tients died from aspiration pneumonia in the immediate postoperative period 
Unless a suspected thymoma is posing an imminent threat to a patient s health, 
thymoma removal should be avoided in myasthenic dogs until the clinical signs 
oi acquired MG are adequately controlled. 
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Nutritional support (e.g., elevated feeding, stomach tube) should be tai¬ 
lored to the needs of the individual myasthenic patient. Some dogs will do well 

with elevated feedings. In many cases, however, myasthenic dogs will continue 
lo regurgitate frequently, despite properly performed elevated feedings. Some 
owners may also have difficulty in consistently feeding their dog in an elevated 
position. The author frequently advocates placing gastrostomy tubes in myas¬ 
thenic dogs. The advantages of a gastrostomy tube are numerous, and include 
ease of administering both caloric and water requirements, improved Irug deliv¬ 
ery (less likely for drugs to linger in the dilated esophagus or be regurgitated) 
and decreased risk of aspiration pneumonia. The short anesthetic period required 
to place a gastrostomy tube ap; tears to be generally well tolerated by most myas¬ 
thenic patients. 
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Acute fulminating MG is usually rapidly fatal, despite therapy. 16 7 ** 11 Plas¬ 
mapheresis and intravenous immunoglobulin (IV1G) administration are effective 

short-term treatments in people with acute fulminating MG. Temporary im¬ 
provement afforded by these modes of therapy provides time for maintenance 

immunosuppressive therapy (e.g., prednisone, AZA) to take effect. Plasmaphere¬ 
sis and IVIG have been suggested as potential therapies for canine acute fulmi- 
nating M l Unfortunately, the expense and equipment requirements associated 
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with these therapies will likely limit their use in canine MG 
turn therapy is a form of plasmapheresis in which the patient’s plasma is returned 
after being passed through a filter that adsorbs IgG. This therapy has recently 

exhibited efficacy in human acquired MG. 
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The prognosis is guarded for dogs with acquired MG. In one report, the 1- 

vear mortalit rate for canine MG was approximately 60%. Aspiration pneumo¬ 
nia with or without respiratory failure (acute fulminating myasthenics) was the 
cause of death or euthanasia in all cases. 9 In another study, 10 of the 25 dogs 
for which follow-up information was available had died or had been euthanized 

due to pneumonia. 30 The key to successful treatment of the canine myasthenic 
appears to be prevention or prompt resolution of aspiration pneumonia. Inti' 
mately linked to controlling pneumonia in myasthenic dogs is resolution of 
esophageal, pharyngeal, and laryngeal weakness.** 16 Although spontaneous cl ini' 

cal remission does occasionally occur in myasthenic dogs with no therapy or 
with “symptomatic” therapy (pyridostigmine) alone, it does not appear to be a 

Spontaneous ciiinica! remission of MG is most likely to 

occur in young dogs without severe pharyngeal/esophageal dysfunction. Watting 
for spontaneous clinical remission to occur for extended periods of time may 
place the patient at continued risk for development of aspiration pneumonia. 
The clinician should not he lulled into a false sense of security if a generalized 
canine myasthenic responds favorably in terms of ambulatory function shortly 

after institution of anticholinesterase therapy. Although some dogs will remain 
well controlled on pyridostigmine alone, many others will demonstrate a tran- 

sient improvement in limb muscle function, and subsequently succumb to pneu' 
monia. 


common occurrence 


Although the use of immunosuppressive therapy in canine acquired MG 
poses inherent risks, cautious use of such therapy is likely to improve survival 

in many cases. Since the original report of five MG dogs treated with AZA, 
data from a number of additional cases have been accumulated. Although the 
information is preliminary at present, the 1 'year mortality rate for canine MG 
patients treated with AZA appears to be in the vicinity of 20%. The efficacy/ 

inefficacy of other immunosuppressive agents, such as cyclosporine and MMF, 

remain to be investigated as treatment options for canine M 'L 

Information concerning long-term prognosis for feline MG is lacking; how- 

the information available suggests a favorable prognosis in cats treated with 


ever 

a combination of pyridostigmine and glucocorticoids. The favorable prognosis 

in cats with acquired MG is thought to be due, in large part, to the low incidence 
of megaesophagus and aspiration pneumonia in feline MG, as compared with 
the canine condition. 6,7 


With improved early recognition and increased availability of effective 

treatment options, it is likely that the prognosis of MG in dogs will improve in 

the future. 
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Abdominal trauma is classified as a blunt or penetrating injury. Common causes 

include vehicular accidents, firearm injuries, falls, 

Less frequently reported are lesions from inhumane acts or assaults by people. 

Al! abdominal structures, as well as supportive musculoskeletal elements, are 

prone to injury' (Table 65-2 L Signalment and clinical signs of affected patients 

are variable, and treatments and prognosis are case dependent. Most, if not all, 

surgical candidates require thorough preparative examination, diagnostic evalu¬ 
ations, and medical treatments. Conversely, not all medically managed patients 
undergo surgery. Sequelae to abdominal trauma involve multiple organ systems 

(Table 65-3). 


and fights" 12 


(Table 65-1) 


Abdominal Trauma 


Cause 


Injury 


Vehicular 


13 


5 


33 


Weapons 

Fights 


B 


10 


22 


Falls 


2 


19 


Bums 

Abuse 


36 


B 


10 


B 


Adapted from Kolata RJ, Kraut N H: Patterns of trauma in urban d ogs 
and cats: a study of 1,000 cases. J Am Vet Med Assoc 164:499, 1974. 


Dogs 


of 


Injured Organ 

Liver 

Urinary bladder 

Diaphragm 

Kidney 

Spleen 

Gastrointestinal 

Prostate-urethra 




13 


9 


9 


5 


2 


2 


Adapted ftom Kolata RJ, Johnston DE: Motor vehicle accidents in 
urban dogs: a study of 600 cases. J Am Vet Med Assoc 167:938,1975. 
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Abdominal 


Hernia (abdominal wall, diaphragm) 

Visceral contusion, laceration, penetration, rupture, avulsion 
Muscular wall contusion, laceration, necrosis, defects 
Abdominal effusion(s), pneumoperitoneum 

Peritonitis 


Blunt trauma produces crushing, stretching, and shearing forces secondary to 

changes in speed anti deformation of tissue. 4,5 Abdominal injuries result as a 
consequence of viscera accelerating at a disproportionate rate compared to at' 
tachment. Kidneys, intestines, and spleen are vulnerable to shear force injuries. 
With decele ration, the liver may continue to travel relative to its ligamentous 
attachments and generates a shear strain that causes transection or laceration 
of the hepatic parenchyma. Additionally, tearing of mesenteric attachments and 
vascular elements results in traumatic intra-abdominnl hemorrhage. Direct defor¬ 
mation of viscera such as pancreas, liver, spleen, and kidneys can also occur 

as organs are compressed between the point of impact and vertebrae. Direct 

compression of the abdomen increases in tra-abdominal pressure producing rup¬ 
ture of the diaphragm or hollow organs. Direct high-impact (blunt or penetrat¬ 
ing) blows will also destroy the integrity of the supporting abdominal wall muscu¬ 
lature (Fig. 65-1). 


Figure 

Ventral abdominal wall herniation of intestines secondary to vehicular trauma in 
dog. 
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Recovery' is based on the nature of the lesion(s) and the timing and types of 

medical/surgical interventions. In studies of feline and canine high-rise syn¬ 
dromes, surprisingly, only 10% of cats and 1 of 81 d «gs died from their in juries. 

A survival rate of 57% has been documented for patients with hemoperitoneum 

(severe) requiring blood transfusion and treated medically or surgically. 16 A sur¬ 
vival rare of nearly to 80% was reported for open peritoneal drainage for peritoni¬ 
tis associated with naturally traumatic and surgically related abdominal injuries. 
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Severe brain injury is associated with a high mortality rate in humans and ani¬ 
mals, Death typically results from progressive increases in intracranial pressure 

(ICP). Brain injury in dogs and cats is most often due to automobile trauma; 

other causes include missile injuries (e.g., gunshot wounds), animal hues, and 
falls. 1 1 There is considerable controversy concerning therapy and this field is 
one of intense research in human neurology/neurosurgery. Little retrospective 

or prospective clinical data pertain to the treatment of canine and feline brain 

injury; most of the clinical recommendations in this chapter are based on infor¬ 
mation from human studies and investigations of experimental brain injury. 

What constitutes appropriate therapy for the severely brain-injured pet is debat¬ 
able, but few would argue that treatment needs to be expedient and aggressive 

if the animal is to survive. The first veterinarian the brain-injured pet encounters 
after the traumatic incident will likely dictate the eventual outcome for that 

patient. It is of utmost importance to alleviate brain swelling and prevent damage 
to vital brainstem structures. Dogs and cats can function well with considerable 

loss of cerebral tissue, if given time to recover from a severe brain insult. 4 The 
ultimate goal in brain injury management is to return the patient to the role in 

society occupied before the injury. 
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Brain injury can he conceptually div ided inro primar and secondary injury (Ta 

ble 66-1). Primary brain injury occurs immediately following impact and initiates 
multiple inflammatory' cascades that result in secondary brain injury. Both pri- 

A basic under- 


# 


mary and secondary brain injury contribute to increased ICP 

standing of the mechanisms of brain tissue damage following injury and ICP 

dynamics is essential to logical therapy of the severely brain-injured patient. 
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This category of injury refers to the physical disruption of intracranial struc 
tures that occurs immediately at the time of the traumatic event. Such injury 
includes direct damage to brain parenchyma, such as contusions, lacerations 

and diffuse axonal injury. Damage to blood vessels may result in intracranial 
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Primary Brain Injury 

>- Direct damage to brain parenchyma 
»> Direct damage to blood vessels 

Secondary Brain Injury 
>* ATP depletion 

>■ Intracellular accumulation of Na* and Ca 

»■ Increased cytokine production 

>- Elevated extracellular glutamate 

»* Oxygen free radical production 
>* Lactic acidosis 

► Nitric oxide accumulation 

Arachidonic acid, kinin, complement coagulation/fibrino¬ 
lytic pathway activation 


♦ ♦ 


hemorrhage and vasogenic edema. The extent of primary brain injury is a tunc- 
tion of the force of impact. Acceleratory and deceleratory forces of both the 

impacting object(s) and the intracranial contents will affect overall tissue dam¬ 
age. Direct parenchymal damage associated with primary brain injury is beyond 
the control of the clinician . 1 * 5 


Injury 


Damage caused by the primary brain injury activates a number of interre¬ 
lated biochemical pathways that act to perpetuate further brain tissue damage 
and ICP elevation. Adenosine triphosphate (ATP) depletion disrupts cellular 
ionic homeostasis. Sudden, uncontrolled intracellular influx of sodium (Na 4 ) 

and calcium (Ca 44 ) occurs. Cellular swelling (cytotoxic edema) and depolariza¬ 
tion result. Uncontrolled depolarization leads to large amounts of glutamate, an 
excitatory neurotransmitter, to be released into the extracellular environment. 

,A7 Glutamate causes further increase in intracellular Ca* + levels. Elevated intra¬ 
cellular Ca* * levels activate a number of tissue-damaging pathways, including 

the arachidonic acid cascade (phospholipase A* activation) and the xanthine 

oxidase (free-radical producing) pathway. Free radical species (e.g., hydroxyl and 
superoxidc radicals) preferentially damage cell membranes containing high levels 

of polyunsaturated fatty acids (PUFAs) and cholesterol. Iron (Fe 4 *) is a vital 
cofactor in the xanthine oxidase pathway. Brain tissue is rich in 

membranes with high levels of PUFAs and cholesterol. Free-radical species are 

thus particularly damaging to neuronal membranes and probably play a major 
role in secondary brain injury. Their production is also induced by ischemia, 

arachidonic acid metabolites, catecholamine oxidation, and activated neutro- 

phils . 1 *’ 67 Other secondary autolytic processes include complement, kinin, and 

coagulation/fibrinolytic cascades. Tissue damage mediators produced by these 

various reactions perpetuate their continued production its well as the production 

of other mediators. Maintenance of an ischemic environment perpetuates tissue- 
damaging processes and leads to the accumulation of lactic acid (via anaerobic 
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Dextran 70: 10 to 20 mL/kg (up to 30 mL/kg/day) for shock in dogs. Cats 

should be administered dextran 70 as 5-mL/kg boluses, given over 5 to 10 

minutes, with a maximum of 20 mL/kg. Dextran 70, given as a sole fluid 

support, has not exhibited beneficial effects demonstrated wirh hetastarch 

and hypertonic saline. Therefore, dextran 70 should be considered as an ad¬ 
junctive fluid therapy choice 


M1I7.I8JD 


Crystalloids (LRS, 0.9% saline): 90 mL/kg/h (dogs), 60 


mL/kg/h cats) for 

shock. The “shock dose” ot crystalloids should be given to effect, because 

overhydration producing cerebral edcnu and increased ICP is a concern dur¬ 
ing crystalloid administration, If the entire volume is not necessary to restore 
euvoleniia and normal MABP, the fluid administration rate should be tapered 
when core physiologic goals are met. 


1,16 


Blood products: 4 to 10 mL/kg/h (typically 


in the stable 


over 4-6 


patient, faster (to effect) if the patient 

bKxxl products are a PCV between 25% and 30%, and a plasma albumin 

level over 2.0 g/dL 


unstable. Goals of therapy with 


1,17.18 


Hyperoxygenation is recommended for the majority of acutely brain-injured 

animals. Oxygen status ot a severely brain-injured patient can be initially assessed 

based on breathing rate and pattern, mucous membrane and tongue color, and 

thoracic auscultation. Pneumothorax and pulmonary contusions are common 

sequelae of trauma, and need to be addressed, it present. If arterial Mood gas 

analysis is available, the Pa02 should be maintained at or above 85 mm Hg. Pulse 
oximeters are extremely useful and relatively accurate estimators of oxygenation 

status. However, the reliability of pulse oximeters varies with model used and 

with the Pa0 2 level (pulse oximeters may overestimate oxygenation status at 
lower Pa0 2 levels). In general, oxyhemoglobin saturation values (SaCh from 
pulse oximeters should be interpreted as shown in Table 66-2. 1,15 * 16 ' 2124 

Patients who are conscious and not obviously deteriorating neurologically 

should be administered supplemental oxygen (O 2 ) via face mask, nasal O 2 catheter, 
or transtracheal O 2 catheter. An O 2 cage is generally ineffective in administering 
supplemental O 2 to the severely brain-injured patient because such cages do not 
allow for close patient observation (requires opening the cage door) and mainte¬ 
nance of a high 0 2 environment. An inspired 0 2 concentration of 40% is provided 
with flow rates of 100 tnL/kg/min and 50 mL/kg/min, respectively, with nasal and 
transtracheal 0 2 catheters. Concentrations of 0 2 up to 95% can be delivered with 


of Pulse Oximeter 




Interpretations 

Normal 

Serious hypoxemia 

Lethal hypoxemia 


>95% 

<89% 

<75% 


>80% 

<60% 

<40% 
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6 hours. These boluses should he given over several minutes. A continuous IV 

infusion of 2.5 mg/kg/h may then he instituted, depending on the patient’s re¬ 
sponse. Limited evidence of efficacy exists for the “high-dose methylpredniso- 
lone” protocol in severe brain injury. The “high-dose” protocol is thought to 

provide therapeutic benefit via free-radical scavenging action, rather than hy 
activation of steroid receptors. 

Because large doses of glucocorticoids can exacerbate hyperglycemia, a 
blood glucose level should be checked before administering rhe “high-dose” pro¬ 
tocol. Hyperglycemia (>200 mg/dL) has been associated with increased mortal¬ 
ity in severely brain-injured people. It is postulated that the provision of extra 

glucose to the ischemic brain helps to fuel anaerobic glycolysis, which increases 

brain lactic acid. The increased lactic acid levels cause further brain damage 


U.9,15.163031 


11,1630 


Induction of a barbiturate coma with pentobarbital has been suggested as 
last ditch” effort to decrease metabolic demands of the injured brain, thereby 
mitigating effects of ischemia and decreasing ICP. In addition to limited evi¬ 
dence of clinical efficacy, induction of a barbiturate coma in a brain-injured 
patient may be detrimental to survival. Barbiturates may lead to hypotension 
and/or hypoventilation, both of which will cause increased ICP. 

Recent experimental and clinical evidence in human brain-injured patients 
supports the induction of moderate hypothermia (32°-34°C (89.6 0 -93.2°Fj) 

a means to decrease ICP and improve outcome. Although traditionally thought 
to decrease ICP via decreasing brain metabolic demands, induced hypothermia 
is now thought to provide beneficial results mainly by inhibiting release of in- 

9J2-M 


a 


9.10,15,16 


as 


flammatory cytokines and glutamate 

Lazaroids, or 21-aminosteroids, are analogs of methylpredmsolone that do 
nor activate glucocorticoid receptors. These agents theoretically provide thera¬ 
peutic free-radical scavenging activity without producing undesirable steroid re¬ 
ceptor-mediated side effects. In addition to lazaroids, a number of free-rad ica 
scavenging agents have been investigated for potential use in severe brain injury . 
Examples include dimethylsultoxide, allopurinol, deferoxamine mesylate, and li¬ 
posome-encapsulated forms of superoxkle dismutase and catalase. Despite experi¬ 
mental evidence of efficacy for these drugs, clinical evidence to support the use 

of these agents in the brain-injured victim is currently lacking. Similarly, there 

exists some experimental, yet not clinical, evidence ot efficacy tor antagonists 

ot opiate and glutamate receptors, as well as several calcium channel blockers. 


i.o 






Surgical intervention should he strongly considered in brain-injured dogs and 

cats that are deteriorating neurologically despite aggressive medical therapy. In¬ 
dications for surgical intervention are well defined in the management of human 
patients with brain injury. The guidelines for when to pursue surgery in brain- 

injured people center on the presence and extent of intracranial hemorrhiige. 

Measurements of focal hemorrhage and accompanying midline shifts of the falx 
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Injury to the spine is common in canine and feline medicine. The most common 
cause of spinal injury is disk extrusion. This chapter deals with traumatic spinal 

injury, which is often due to automobile*induced trauma. Other causes of spinal 

injury include falls, missile injuries (e.g. } gunshot wounds), fights with other 
animals, and blunt trauma from other animals (e.g., kic L Then- .tre many 
similarities between the pathophysiology and management of the spinal injury 
patient and the brain injury patient. The uncertain clinical value of the available 
medical therapies for spinal injury is another theme shared with this aspect of 
critical care medicine and brain injury. The most important clinical consider¬ 
ation in spinal injury cases, following stabilization of life-threatening associated 
injuries, is identifying and addressing continued spinal cord compression. dTie 
most crucial clinical decision to be made in cases of canine and feline spinal 
injury is whether to pursue surgical decompression/stabilization or to treat the 
patient with medical therapy alone. There are no statistically proven “rules 
guide this decision-making process. The mode of therapy for a given patient 

with a spinal injury should he individualized for that specific patient, and based 
primarily on logic, with guidance derived from the literature and clinical 
experience 
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As with brain injury, it is conceptually useful to divide spinal injury into primary 
and secondary insults. Primary injury is that which is associated with the trau¬ 
matic incident. However, vertebral instability secondary to vertebral fracture or 

luxation may produce repeated primary injury. Unlike brain injury, the clinician 

may be able to prevent repeated primary spinal cord damage. Secondary injury 

refers to events set in motion by the primary traumatic event. Similar to brain 

injury, secondary phenomena include continued hemorrhage, edema, tissue dam¬ 
age mediated by free radicals, and excitatory neurotransmitter-mediated dam¬ 
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Two important management principles should be exercised before transport of 
the traumatized dog or cat. The first is to avoid injury to transporting personnel. 
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Because of pain associated with spinal fracture/luxation, even the most docile 
of pets may attempt to bite anyone who attempts to move the pet. If there is 
any indication that the animal may bite, that patient should be muzzled. The 

second important principle is to minimize excessive motion during transport to 

veterinary' facility. Ideally, the patient should be taped to a flat, firm surface, 
like a board, to inhibit motion of a potentially unstable vertebral column w hile 
moving the patient. An acceptable alternative is to fashion a sling using a towel 
or blanket. In either ca^e, the author recommends a minimum of hree people 
to effectively and safely transport the patient with spinal injury. One person 
should focus on keeping the spine immobile, and the other two (or more) wot 
on securing and moving the pet. 

On arrival at the hospital, the ABCs of trauma management (airway, 
breathing, cardiovascular status) take precedence over neurologic injury. Once 
life-threatening injuries are either niled out or effectively treated, the clinician 
should next focus on the spinal injury. The initial neurologic examination should 
be brief and should not involve moving the patient until spinal radiographs have 
been procured. Mental status, cranial nerves, spinal reflexes, and nociception 
(pain perception) to the limbs can all be assessed in the recumbent, immobilized 

patient. Assessing voluntary motor function to the limbs may be difficult or im¬ 
possible with the patient immobilized, but it is not essential at this point of 
patient assessment. Observing the patient's posture and responses to environ¬ 
mental stimuli will often provide some information regarding both lesion local¬ 
ization and preservation or loss of voluntary motor function. A recumbent pet 

ty demonstrate purposeful limb or tail movement in response to calling his or 
tier name. If apparent voluntary movement of the thoracic limbs, but not the 
pelvic limbs is noted, a thoracolumbar lesion should be suspected. If the pelvic 
limb reflexes arc intact, the localization can be further refined to the T3-L3 




1 . 2.6 


m i 


spinal cord segments. Loss of pelvic limb reflexes indicates that the lesion is 

somewhere from L4 caudally. If the thoracic limbs are held in rigid extension, 

this may reflect the Schiff-Sherrington syndrome. The clinician must understand 
that the Schiff-Sherrington syndrome may he helpful in lesion localization, but 
that it is not a prognostic indicator . If no purposeful movement of any of the 
limbs is noted, a cervical lesion should he suspected. In severe cases, respiratory 

1.2,4* 


embarrassment may also be e vident with cervical spinal core injure. 

The assessment of pain perception (nociception) is vital in establishing 
prognosis. Testing for superficial pain perception (response to skin pinching) to 
the limbs should always he performed first, initially with fingers, then with a 
hemostat, if there is no conscious response. If the patient indicates a behavioral 
response to superficial pain testing (e.g. cries, bites at the examiner, tries to get 
away), testing for deep pain perception is superfluous. If superficial pain is ah- 

the clinician then must check for deep pain perception. The presence or 
absence of deep pain perception is often the pivotal factor in owner’s decisions 

stly therapeutic options. The clinician must be able to both properly 

fir deep pain perception. Using either the blunt 

or a hemostat, a 


sent 


to pursue co 

perform and interpret the test 

handles of bandage scissors (less likely to damage the skin) 
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The dorsal compartment includes the spinous processes, dorsal lamina, articular 
facets and associated pedicles, and soft tissues associated with these structures 


interarcuate ligament). The middle compartment in* 
eludes the dorsal part of the vertebral body, the dorsal annulus fibrosus of the 
disk, and the dorsal longitudinal ligament. The ventral compartment includes 
the hulk of the vertebral 


y (middle and ventral portions), the remainder of 

the annulus fihrosus, and the ventral longitudinal ligament. If spinal radiographs 
suggest that only one of the three compartments appears to he damaged, the 
fracture/luxation is probably stable. If two or all of the compartments are compro¬ 
mised, the fracturc/luxation should he considered unstable. 




1 J.4A&9 

I~he degree of vertebral displacement evident on plain radiographs is impor- 
tant clinical information, but does not absolutely correlate with the seventy of 
the spinal insult. Radiographic findings should always be interpreted in the con¬ 
text ot the patient’s neurologic status. Considerable vertebral displacement can 
occur in the cervical area with minimal neurologic deficit due to the relatively 

large vertebral canal/spinal cord ratio in this region. Preservation of neurologic 

function may occur with complete overriding fracture/luxations of the lumbosa¬ 
cral region due largely to the resistance to compression and stretch of the nerve 
roots comprising the cauda equina. A complete luxation of vertebral segments 
can occur at the moment of impact, transecting the spinal cord, and the vertebral 

segments can “snap back” into near apposition. 

In spinal injury cases for which surgery is indicated, the question of whether 
to perform myelography in addition to survey radiography is often raised. There 
is always the potential that there may be compressive soft tissue in the vertebral 
canal (e.g., hematoma, traumatically extruded disk material) that requires my¬ 
elography or other imaging procedures (e g., computed tomography [CTJ, mag¬ 
netic resonance imaging [MR1|) to be identified. Advanced imaging, such as CT 

are superior imaging choices to plain radiographs anil myelography (Fig. 

If the surgeon is planning a laminectomy in addition to stabiliza¬ 
tion, the need for myelography is obviated. If only stabilization is planned, there 
is a risk of missing a compressive lesion (i.e., other than that caused directly by 

vertebral luxation) if only plain radiographs are obtained before surgery. Until 

more information is available, the author recommends either performing myelog¬ 
raphy before surgery or creating a small exploratory laminectomy window at the 
time of stabilization surgery it myelography has not been performed. 

In cases of gunshot injuries to the spine, there is often minimal evidence 

of vertebral instability on plain radiography. If no bullets or bullet fragments 
are noted within the vertebral canal, further imaging ot the spine is probably 
unnecessary. T:ie reason for additional imaging (e.g., myelography) is to search 
for a o >mpressive lesion that may require surgical intervention. Gunshot injuries 

to the spine in people are usually not managed surgically because surgical inter¬ 
vention does not appear to improve overall outcome. 5 However, the author has 

operated on several gunshot injuries to the spinal cord in dogs and cats in which 

a myelogram revealed evidence of active cord compression and swelling 
(Fig. 67*2). 1 lie patients neurological ly improved after decompressive surgery. 


or MRI 
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Figure 67 

Typical immobilization brace for patients with vertebral instability. (Courtesy of Dr. 
loan Coates.) 


begin with an initial intravenous close of 30 mg/kg methylprednisolone. The 

author prefers to administer a 15 mg/kg dose at 2 and 6 hours after the initial 

dose. 171147 The injection should be given over 5 to 10 minutes because rapid 
injection may occasionally lead to nausea and/or hypotension. This therapy ap¬ 
pears to be beneficial only when administered within 8 hours after spinal injury 

in people. It is suspected that the “window of opportunity” may he shorter in 

Jogs and cats. Because there is some evidence of efficacy, the author promotes 
the use of “high-dose” methylprednisolone as soon as possible following spinal 
injury. Treating the spinal injury patient with “standard” doses of prednisone or 

dexamethasone is ineffective and may harm the patient. Administering super¬ 
fluous glucocorticoid treatments may increase the likelihood of serious glucocor¬ 
ticoid-mediated side effects, especially if the patient is subsequently treated with 
the “high-dose” protocol. 

Although mannitol is an effective agent in reducing intracranial pressure 
in severe brain injury, it does not appear to have any beneficial effect for dogs 
and cats with spinal injury. Some evidence indicates that administration of man¬ 
nitol to the patient with spinal injury may he harmful. 6,1120 

Appropriate bladder management and recumbent patient care (if nonambu¬ 
latory) are pivotal aspects of treating the spmal-imured dog or cat. The specifics 
of this maintenance care are beyond the scope of this chapter, but are covered 

in detail in several excellent review articles. 


I a. 11,16 17.19 
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The indications tor surgical therapy in the spinal-injured dog or cat are 

based mainly on clinical judgment rather than statistics. In general, the author 

recommends surgical intervention if there is moderate to severe displacement 
of vertebral segments, it the patient is neurologtcally deteriorating in the face 
of vertebral instability, or it there is myelographic evidence of spinal cord conv 

presston. This clinical decision-making is often tempered by other factors, such as 

demeanor of the patient and financial abilities of the pet owner 


U.4.26-29 Abundant 
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tebral fracture/luxations is often successful. “ In one retrospective study con¬ 
cerning dogs and cats with vertebral fracture/luxations, no significant difference 
in outcome was found between those patients treated surgically versus those 
treated nonsurgically. Patients treated nonsurgically were likely to have a longer 
recuperative period than the surgically treated animals, but were equally likely 
to recover function. 26 

Multiple methods are available to stabilize vertebral fracture/luxations. Al¬ 
though some are biomechanically more rigid than others, all are acceptable stabi¬ 
lization methods. The exact mode of stabilization is often determined more by 
clinician preference and anatomic location of the fracture/luxation than by re¬ 
sults of in vitro biomechanical studies. Methods of vertebral fracture/luxation 

stabilization include modified segmental stabilization (“spinal stapling’*), dorsal 

spinous vertebral body plating, screw or pin vertebral body placement with poly¬ 
methylmethacrylate (PMMA) bridging, and vertebral body plating 

cerv ical fracture/luxations, pin or screw placement with PMMA bridging is often 

performed (Fig. 67-4). From the Tl-12 vertebral segment, the author prefers 

either using a spinal stapling technique or dorsal spinous process plating (Fig. 

with PMMA bridging is a technique that is readily applied 

to the remainder of the vertebral column, including fracture/luxations of the 

lumbosacral junction area (Fig. 67-6). Although technically more demanding 
than pins/screws and PMMA techniques, vertebral body plating is a very effec¬ 
tive and very rigid stabilization method that may be readily applied from the 

T12 through the L4 (Fig. 67-7). This method is often not used caudal to L4, 

for fear of damaging the nerve roots contributing to the femoral nerve (1.4, L5, 


1.4.6.26,29 15 


67-5). Pins or screws 
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Injury to the respiratory system is often life-threatening and requires immediate 

veterinary care. Injury can result from penetrating wounds, such as bite wounds 

or rrom malicious projectiles, >uch as bullets and arrows. Blunt trauma most com 
monly is associated with motor vehicle accidents, but can also result from a 

malicious attack or fall from heights, 

1 nj uries to the thorax secondary to trauma can be classified into the follow¬ 
ing categories: (1) closed versus open, (2) pleural cavity pathology, (3) involve¬ 
ment of the lung parenchyma, (4) involvement of the thoracic wall, and (5) tra¬ 
cheobronchial tree abnormalities (Table 68-1 )d Cardiovascular abnormalities 

also are often associated with injury to the thorax, but will be listed as a separate 

entity for purposes of discussion. 
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Approximately 1 0% of all dogs and cats presented on an emergency ; >asi> lave 
thoracic trauma resulting in respiratoiv compromise. In several studies evaluat¬ 
ing injuries from motor vehicle accidents, thoracic injury is reported to range 
from 38.9% to 59.5% of presented cases.The four most common injuries associ¬ 
ated with thoracic trauma include pneumothorax, pulmonary contusions, rib 

fractures or flail chest, and diaphragmatic hernia. Pulmonary contusions occur 
in approximately 50% of cases, often in combination with other injuries includ 

ing rib fractures, flail chest, pneumothorax, hemothorax, diaphragmatic hernia 

and myocardial injury. 1 Although it may he simple to discuss injuries as separate 
entities, they often occur in combination, with multiple injuries contributing to 

coni;noni jed respiratory function. 
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Trauma to the respiratory system manifests itself as respiratory difficulty. Clinical 
signs are associated with the location and extent of injury. Injury to the head 
can result in obstruction of the upper airway secondary to severe epistaxis and 
pharyngeal collapse. Damage to the lower airways, lung parenchyma, or pleural 

space often cause restriction to respiration. Space occupying mass within the 

pleural space that stops complete expansion of the lungs during inspiration 
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Subcutaneous emphysema 
Tracheal damage/rupture 
Rib fractures 

Flail chest 

Pulmonary contusions 
Pneumothorax 

Opei 

Tension 

Diaphragmatic hernia 

Myocardial injury 

Pericardial hemorrhage 
Hemothorax 

Infection secondary to bite wounds or foreign body 


(pneumothorax, pulmonary contusion, hemothorax, diaphragmatic hernia) will 

result in a rapid shallow restrictive respiratory pattern, open-mouthed breathing, 
orthopnea (extension of the head and neck and abduction of the elbows away 
from the thorax), and cyanosis. Open pneumothoraces may have a sucking chest 
wound that is both visible and audible during inspiration. Patients with flail 
segments have a paradoxical motion of the chest wall during all phan> of respira¬ 
tion. 
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Evaluation of the trauma patient begins at presentation. The most impor¬ 
tant diagnostic tools are the clinician's eyes and ears. Careful observation of the 

patient's respiratory rate and partem before handling can aid in the diagnosis 

of pulmonary injury and assist in localizing the injury to upper versus lower respi¬ 
ratory system. The clinician should observe the patient for evidence of severe 
inspiratory stridor or epistaxis, which signals damage to the upper airways. Evi- 

hence of a sucking chest wound or paradoxical chest wall motion signifies open 
pneumothorax or flail chest. Sudden changes in the patient's respiratory pattern 
characterized by more rapid and shallow breathing indicates rapid deterioration. 
Careful auscultation of both sides of the thorax is necessary to determine if in¬ 
trapleural problems exist. Muffled heart and lung sounds are apparent in pneumo¬ 
thorax, hemothorax, and diaphragmatic hernia. Increased adventitial sounds or 

harsh crac ;les may occur with pulmonary contusions. Percussion with simultane¬ 
ous auscultation may reveal hyperresonant sounds indicating areas of free air 

within the pleural space. 46 Primary therapy of respiratory trauma involves rapid 
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Thoracic radiographs are important in documenting pneumothorax, pul mo 
nary contusions, and diaphragmatic hernia. In one study, the most common ra 
diographic findings included subcutaneous emphysema, pneumothorax, pulmo 
nary contusions, and rib separation. 


i: 


i he first priority in treatment of bite wounds to the head and neck involves 
establishing a patent airway and administration of supplemental oxygen (0 2 ). 
Ti e mode of supplemental 0 2 therapy often depends on 
and whether concurrent injuries to the thorax and lung parenchyma are present. 
Supplemental 0> therapy can be conservative in the form of flow-by, hood 

nasah ) 2 , n or placing the animal in an ) 2 


extent of injury 


or 


cage (delivering 40% 0 2 ). Severe injury 


tracheostomy, or mechanical ventilation. Rapid induction with a short-acting 


tracheal intubation. Therapeutic thoracocentesis (Fig. 68-1) or placement of a 

thoracic drain may be required if concurrent pneumothorax is present. Once a 

patient’s condition is stabilized, each wound should be surgically explored, de- 
brided, and copiously flushed to remove residual debris. 

All bite wounds should be considered contaminated until proven otherwise. 
Bacteria commonly identified in animal bite wounds include Pasteurella muito 
cida , Staphylococcus aureus, Staphylococcus intermedius , and Streptococcus spp. 
Coverage with broad-spectrum antibiotics (first 

sporins such as cefazolin [22 mg/kg IV or IM tid) or cefoxitin [22 mg/kg IV or 


7 


The prognosis of patients with bite wound' to the head, neck, and thorax 
largely depends on the extent of the injury and tissue damage. Between 6% and 

25% of animals with thoracic bite wounds die or are euthanized as a result of 

their injuries. 1214 Animals that survive to 

survived the critical time period alter injury. 1 Potential sequelae of bite wound' 
include chionic infection, delayed wound healing, systemic inflammatory re¬ 
sponse syndrome, disseminated intravascular coagulation, and multiple organ 

dysfunction. Tracheal stenosis may occur long-term after trauma. 


7 










The incidence of projectile injuries to the thorax has increased in recent 

In one retrospective study, 26% of the projectile injuries involved the 


8,15 


years. 

thorax. 


15 
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Figure 68-1 

Diagnostic and therapeutic thoracocentesis. Following routine aseptic preparation of 
the skin, a needle is inserted between the seventh and ninth intercostal spaces. The 
bevel of the needle is positioned toward the thoracic cavity. The needle is then 

placed parallel with the body wall to avoid lacerating a lung. Always tap both sides 
of the thorax when treating for pneumothorax or pleural effusion. 




Projectile penetration of rhe thorax can cause severe damage to the body 

wall, lung parenchyma, great vessels, and heart. Acutely, severe hemorrhage from 
lacerated venae cavae, heart, or aorta can result in severe hypovolemia and he- 

mo thorax. Hypovolemia, in turn, decreases cardiac output, further reducing sys¬ 
temic perfusion. Hemothorax also results in inadequate expansion of the lung 
parenchyma and leads to atelectasis and ventilation-perfusion (V/Q) mismatch. 
Penetration of the thorax can result in an open sucking chest wound and pneu¬ 
mothorax, further contributing to atelectasis and hypoxemia. 


Clinical presentation depends on the location and extent of injury. A pa- 

tient with pneumothorax or hemothorax will present with a rapid, shallow re¬ 
strictive respiratory pattern, pale mucous membranes, and tachycardia or brady¬ 
cardia. Auscultation of the thorax may reveal muffled heart and lung sounds it 
pneumothorax or hemothorax is present. External bleeding will be apparent at 
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;iry to recurrent laryngeal nerve dysfunction) 


* 


Pulmonary Contusions 


Pulmonary contusion occurs in approximately 50% of thoracic trauma cases 
and is the most common injury to the respiratory system.' Pulmonary contusions 

often occur in combination with other thoracic injuries including rib fractures, 

flail chest, pneumothorax, and diaphragmatic hernia. 


The pathophysiology of pulmonary contusions is well understixxl. 25 The rib 
cage can he viewed as a compressible box. Trauma to the thoracic wall produces 
a compression-decompression class injury. 3 When an animal is struck by an ob 

jeet or motor vehicle, initially the body remains stationary and absorbs the force 
of impact due to inertial forces. The rib cage on the affected side is compressed 

compression of the underlying lung paren 

chvma. Elastic recoil ot the compressed rib cage occurs just before the animal 
is thrown away from the site of impact. Recoil of the thoracic cage results in 

areas of lung (1 ig. 68-2). Rupture of alveoli and 

resulting in atelectasis and intra-alveolar and inter 
[ disruption of blood vessels causes hemorrhage at the 


towards mid line, resulting in severe 


decompression ot the affected 
adjacent blood vessels occurs 

3 . 26 -18 


1 


stirial hemorrhage. 

affected area followed by leakage of plasma into the surrounding tissues. As the 
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Figure 68-2 

Effect of blunt trauma on pulmonary parenchyma. After blunt trauma, elastic recoil 
of the thoracic cage results in compression of the lung parenchyma, causing three 

types of injury: atelectasis, hemorrhage, and edema 
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There are two theories regarding forces involved in creating pneumothorax 

secondary to trauma. The first theory is that the energy absorbed by the thoracic 

causes a rapid compres¬ 
sion of air. litis results in a rapid, transient increase in airway pressure and shear 
force damage to the lung parenchyma, which causes air to leak and local tissue 
failure to occur. The rapid increase in air also causes implosion or rupture of 

alveoli, allowing ai to escape from the lung parenchyma into the pleural space. 
The second theory is that air and fluid have different densities. Tissues con 
raining air and fluid at the level of the carina differ in their rates of acceleration 
and deceleration at the time of impact, creating shear forces that mechanically 
stretch and tear airways, allowing air to escape. 44 This is known as the spalling 

effect. 1 


cage at the time of impact is transmitted to the lungs and 


i 


The mildest form of pneumothorax i 


is 


in 


which a small amount of air escapes from the lungs at the time of injury separat¬ 
ing the visceral and parietal pleura. 44 Closed pneumothorax typically results from 
Hunt trauma causing mechanical disruption of the trachea, bronchi, pulmonary 

parenchyma, or esophagus. 24 Collapse of lung parenchyma results in a decrease 
in tidal volume proportional to the amount of free air within the thorax. Minute 
ventilation is maintained hy a compensatory increase in respiratory rate, 
tolerate surprisingly large amounts of tree air within their thorax; up to 150% of 

their calculated tidal volume, before demonstrating signs of respiratory distress. 
Cardiac output remains unchanged in the face of small volumes of intrapleural 


zs 


4S 




air. 


In more severe cases of pneumothorax, progressive alveolar collapse pro¬ 
duces regions of low V/Q balance and intrapulmonary shunting. 45 Pulmonary 
vasoconstriction occurs secondary to hypoxemia, which then leads to an increase 
in pulmonary vascular resistance. Severe, right-sided heart failure can develop, 
thus reducing cardiac output. Increased intrapleural pressure can es a c 

venae cavae and impedes venous return to the heart, further decreasing cardiac 


output. 


i he most severe form of pneumothorax is a tension pneumothorax. Air 
escapes from the lungs into the pleural space during inspiration. During exhala¬ 
tion, the area of pulmonary leak collapses, producing a one-way flap, and air is 
prevented from escaping. The net result is severe trapping of free air within the 
pleural space. Rapid dec line in respiratory function occurs, and the lungs become 
atelectatic. Increased intrapleural pressure eventually exceeds atmospheric pres- 

causing collapse of the venae cavae, and decreased venous return to the 

right side of the heart. 44 This intensifies a decrease in cardiac output and hypox¬ 


sure 


emia. 


more severe cases, the patient presents with a rapid shallow restrictive respiratory 
pattern. Patients with penetrating thoracic injuries have a sucking sound on 
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Figure 68-4 

Radiograph of pneumothorax presents an example of severe pneumothorax in a 

dog. The heart is elevated away from the sternum. Lung lobes are atelectic and re¬ 
tracted away from the thoracic wall. Severe subcutaneous emphysema can also be ob 

served. 


inspiration as air moves into the thorax. Thoracic auscultate >1 reveals muffled 

heart and lung sounds, particularly in rhc Jorsocaud.il lung fields. Percussion of 
the thorax will reveal a hyperrcsonant sound over are.is of air accumulation. 


Diagnostic radiographs should only be performed once all systems have teen 
addressed and the patient’s condition is determined stabilized. Radiographic tea* 

cures include retraction of the lungs away from the thoracic wall, elevation of 

the heart away from the sternum on lateral views, and consolidation of the lung 

parenchyma (Fig. 68-4). 


Treatment of an open pneumothorax involves placement of a water and 
airtight seal over the defect, and placing a thoracic drain to keep the pleural 
space evacuated. 44 The thoracic wound is temporarily closed using a gloved finger 


or stenle glove. Sterile water-based lubricating gel (K-Y) should be placed 


the wound and the overlying fur quickly clipped from the area. Next, the area 
should receive a quick aseptic scrub. Sterile water 

the wound and a piece of sterile glove placed over the wound, creating a water 

and air-tight seal. For a more permanent seal of the thoracic wound, petroleum 
jelly-impregnated gauze squares are 
train should then be placed to keep the thorax evacuated. Following patient 


over the thoracic wound. A thoracic 
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figure 68-5 

Correct placement of a thoracic drain. Following routine aseptic preparation of the 

skin and injection of local anesthetic, a stab incision is made in the skin at the level 

of the 10th to 12th intercostal space. A trochar is directed cranially, creating a subcu- 
taneous tunnel to the level of the 5th to 7th intercostal space The trochar then pen 
etrates the intercostal muscles into the pleural space The thoracic drain is then di¬ 
rected cranioventraily off of the trochar to the 3rd intercostal space. The drain is 
connected to a closed connection system and secured to the body wall with horizon' 

tal mattress and purse-string sutures. 


stabilization, the open wound should be surgically explored and debrided of devi¬ 
talized tissue and debris. 

Immediate thoracic drainage via thoracocentesis is necessary with life- 

threatening pneumothorax. Treatment for simple pneumothorax requires bilat¬ 
eral thoracic drainage (see Fig. 68-1). It was previous! thought that the- mediasti¬ 
num in small animals had small fenestrations and freely communicated from 

side to side. However, the mediastinal tissues may nor communicate; therefore, 
bilateral thoracocentesis after blunt trauma is necessary. In some cases, very little 
air will be trappec on one side of the thorax, and extremely large amount of air 
will he found on the other. Therefore, always tap both sides of the thorax in 
patients with suspected pneumothorax. Placement of a thoracic drain may be 

necessary if negative pressure cannot be obtained, or if the patient requires fre¬ 
quent thoracocentesis (Fig. 68-5). Immediate thoracic drainage is necessary with 
I ife-threatcnim: tensk pneumc)th<>rax. 
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The prognosis for pneumothorax is good it diagnosed and managed early 

in the disease course. Repeated thoracocentesis or continuous air leak follow* 
mg chest drain placement suggests a less favorable resolution. The presence of 
respiratory difficulty and the need for thoracocentesis are negative prognostic 

indicators in one retrospective study of veterinary patients with pneumo* 
thorax 


43 


r-YJ 








Massive hemo l torax is uncommon in dogs and cats. 16 In most cases, rupture 
o the great vessels is a diagnosis made at necropsy ecause many patients do 
not survive this type of injury. However, bleeding from smaller arteries such .is 
the intercostal or internal thoracic arteries can he self-limiting. 








Clinical signs of hemothorax are identical to those of pneumothorax. Pa* 

tients will present with a rapid shallow respiratory pattern consistent with a 

restrictive breathing pattern. Mucous membranes may be pale with a prolonged 
capillary refill time. Auscultation of the thorax will reveal muffled heart and 

limy sounds. 




Thoracocentesis reveals the presence of bloody fluid that does not clot 

within the pleural space. Very lar^e volumes of blood within the pleural space 

(typically 50-60 mL/kg) are required before respiratory difficulty becomes appar* 

ent. 24 Removal of the blood is unnecessary in the treatment of hemothorax 

ondary to trauma unless severe respiratory compromise is noted. 




Treatment of hemothorax involves rapid infusion of crystalloid fluids or 

blood products. Hypotensive small-volume resuscitation is advocated for some 
patients wirh hemothorax, pulmonary contusions, and head trauma 
than 10 mL/kg of blood is present within the pleural space secondary to trauma, 
autotransfusion may he required. 47 If the patient remains unresponsive to medical 
management, exploratory thoracotomy may be required. 


If 


more 


7,48 




Many animals with hemothorax secondary to laceration of the heart 
or aorta do not survive transport to the hospital and have a grave prognosis. 
Stabilized hemothorax has a guarded to good prognosis. 


venae 


cavae 
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Radiography is the most informative tool ro diagnose diaphragmatic hernia. 
Plain radiographs may reveal rhe presence of air-filled or soft-tissue densities 
within the thorax. The heart, lungs, or trachea may be compressed and displaced. 
The normal contour of the diaphragmatic crura may be absent or not easily 
visualized. If the rent in the diaphragm is small, or if abdominal viscera freely 
slide through the diaphragmatic rent, plain radiography may not reveal any ab¬ 
normalities. The presence of abdominal or 

tion of normal structures difficult. In such instances, contrast studies are war¬ 
ranted. A positive contrast gastrogram with barium sulfate can reveal 
gastrointestinal structures within the thorax. A negative result does not necessar¬ 
ily rule out the presence of a sliding hernia. Contrast gastrography will not reveal 
if the liver, spleen, or greater omentum are present within the thorax. Positive 
contrast celiography or double-contrast celiography can also be used to diagnose 
diaphragmatic hernia. 


51 


Initial Treatment involves stabilization of the patient with fluid support to 

correct hypovolemia, thoracocentesis to improve ventilation it pneumothorax 
is present, 0. to improve oxygenation, and analgesic agents to treat discomfort 
and pain. Definitive treatment of diaphragmatic hemia is surgical interven- 

If the patient’s condition cannot lx* stabilized, immediate surgical in¬ 
tervention is necessary, particularly if the stomach is entrapped within rhe thorax 
or if necrotic viscera are present. General anesthesia in patients with diaphrag¬ 
matic hemia is often challenging due to hypoxemia, severe V/Q mismatching, 

hypovolemia, poor cardiac output and hypotension, and the presence of concur¬ 
rent complicating injuries. Drugs that suppress ventilation or increase heart rate 
should be avoided. 52,55 


50.5 V5* 


tion. 


Prognosis for any patient wirh a diaphragm.itic hemia is guarded. The ma¬ 
jority of deaths occur within a 24-hour period after surgery. 50,54 The presence of 

diaphragmatic hemia with concurrent thoracic trauma dramatically increases 

the incidence of mortality. 55 Usually, death occurs secondary to multiorgan dys¬ 
function. 










Rib fractures may be noted following any traumatic event. The biomecha¬ 
nics of rib fracture are similar to other diaphysial bones. In general, the structure 
and support of ribs permit a greater force application prior to fracture injury. It 
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is important to remember that the lung under K ing a fractured rib absorbs a sig¬ 
nificant portion of concussive force generated during the trauma event. Any 

force severe enough to fracture ribs will cause damage to the underlying lung 
parenchyma. Whenever a diagnosis of rib fracture is made, the clinician should 
anticipate the development of pulmonary' contusions. 

Hypoxemia associated with rih fractures is associated with both damage to 
rhe lung parenchyma and pulmonary contusion, with the pain of die fracture 
causing hypoventilation. Pain associated with rib fractures causes restriction of 
respiration by reluctance to fully expand the thorax during inspiration. 56 This 

in hypoventilation, which can exacerbate hypoxemia secondary to other 
concurrent thoracic injuries such as pneumothorax or pulmonary contusion. 


56,57 


Open rib fractures may readily be apparent on initial physical examination. 

In the cases of isolated rib fractures, most are initially overlooked on presentation 

and arc discovered as “incidental” findings on thoracic radiographs once the 

patient is stabilized. 4 


In most cases, rih fractures can be conservatively managed, unless the frac¬ 
tured segment causes continuous trauma to the lung parenchyma. 24 Conservative 
management of simple rib fractures typically involves supplying supplemental 
O 2 and to improve ventilation with careful administration of analgesics. Both 
systemic and local analgesics should be considered. Low-dose morphine (0.25 
mg/kg SQ qid or constant rate infusions of fentanyl \ 1-5 |ig/kg/h) have dra¬ 
matic analgesic properties without impairing ventilation. Local infusion of lido- 
caine (total di>se 1-2 mg/kg, diluted to a sufficient volume to deliver 0.5 mL at 
each injection site) and bupivacaine (total dose 1-2 mg/kg, diluted to a volume 

sufficient to deliver 0.5 mL at each injection site) at the caudal portion of the 
rib, both dorsal and ventral to the fracture, will provide analgesia and cause 

marked improvement of ventilation b\ alleviating patient discomfort. 


5<J 


Flail chest is a severe form of rib fracture in which tw r o or more contiguous 

ribs are fractured in both a dorsal and ventral location on the same rih thereby 
causing a freely moving segment of body wall. 60 Previously it was thought that 
the paradoxical motion of the chest wall resulted in a *to and fro” movement 
of air w ithin bronchi increasing dead space ventilation, reducing the vital capac- 

and increasing resistance to airflow' thus increasing the work 

The paradoxical motion is now thought to decrease tidal vol- 
is more often caused by the underlying pulmonary contusion 
rather than by the paradoxical motion of the flail segment itself. 1,39 


lance 

56,58,60 


of breathing, 
ume. 
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Decreasing pain associated with the flail segment dramatically reduces the 
work of breathing in patients without the need for surgical intervention 

Local infusion of lidocaine (1-2 mg/kg diluted to a volume sufficient to deliver 

0.5 mL at each injection site) or 0.5% bupivacaine (0.5 mL at each injection 

site) at the caudal border of each fractured rib, above and below each fracture 

site, and at the caudal borders of the rib cranial to and caudal to the flail segment, 
will decrease the patient s pain. In many cases, patients with flail chest can he 

managed conservatively. However, more severe cases have severe underlying pa- 

thology and require aggressive treatment, including mechanical ventilation or 
exploraton y thoracotomy. Mechanical stabilization of the flail segment with h »th 

internal and external fixation devices has been recommended. 5 '' 60,61 Surgical in* 
tervention is warranted only in the most severe cases of flail chest. Criteria for 

surgical intervention include fractures involving more than five contiguous ribs, 

flail chest in combination with open pneumothorax, or fracture segments creat¬ 
ing continued damage to the underlying tissues. 


The prognosis for patients with simple rib fractures and flail chest is good, 
provided that other severe injuries are not present. Because cost of care is a 
frequent consideration in veterinary medicine, mortality may be increased in 

such cases when treatment cost is prohibitive 


S': 




1. Berkwitt L, Berzon JL; Thoracic trauma—newer concepts. Ver CIm North Am Smal/ 

Amm Proa 15:1031, 1985. 

2. Kolata RJ, Kraut NH, Johnston DE: Patterns of trauma in urban dogs and cats: a 

study of 1000 cases. J Am Vet Med Assoc 164:499, 1974. 

3. 1 iackner SG: Emergency management ()f traumatic pulm<>nary amtusions. C<impend 

Contin Educ Pract Vet 1:677, 1995. 

4. Selcer BA, Buttrick M, Bars tad R: The incidence of thoracic trauma in dogs with 

skeletal injury. J Small Anim Pract 28:21, 1987. 

Tamas PM, Paddleford RR, Krahwinkel DJ: Thoracic trauma in dogs and cats pre¬ 
sented for limb fractures. J Am A rum Hosp Assoc 21:161, 1985. 

6. S pack man CJ, Caywood DD, Feeney DA, et al.; Thoracic wall and pulmonary 

trauma in dogs sustaining fractures as a result of motor vehicle accidents. J Am Vet 

Med Assoc 185:975, 1984. 

Davidson EB: Managing bite wounds in dogs and cats: part I. Compend Contin Educ 

Pract Vet 20:811, 1998. 

Kolata, RJ: Management of thoracic trauma. Vet Clin North Am Small Anim Pract 

11:103, 1981. 

9. Kolata RJ: Trauma in dogs and cats: an overview. Vet Clin North Am Small Anim 

Pract 10:515, 1980. 

10. Holt DE, Griffin G: Bite wounds in dogs and cats. Vet Clin North Am Small Anim 

Pract 30:669, 2 000. 


5 


. 


8 . 


Copyrighted material 


Section X I Trauma 


Waldron DR, Trevor P: Management of superficial skin wounds. In D. Slatter, etL: 
Textbook of Small Animal Surgery. Philadelphia, WB Saunders, 1993, p 269. 
McKteman PC, Adama WM, Huse DC: Thoracic bite wounds and associated inter¬ 
nal injury in 11 dogs and 1 cat. J Am Vet Med Assoc 184:959, 1984. 

Marks SL: Nasal oxygen insufflation. J Am Anim Hasp Assoc 35:366, 1999. 

14- Cowell AK, Penwick RC: Dog bite wounds: a study of 93 cases. } Compen Contm 

Educ Pract Vet i 1:313, 1989. 

15. Fullington RJ, Otto CM: Characteristics and management of gunshot wounds in 

dogs and cats: 84 cases (1986-1995). J Am Vet Med Assoc 210:658, 1997. 

6. Adkins RB, White neck JM, loitering EA: Penetrating chest wall and thoracic 

injuries. Am Surg 51:140, 1985. 

I 7. Grimes WR, Deitch EA, McDonald JC: A clinical review of shotgun wounds to 

the chest and abdomen. Surg Gynecol Obstet 160:148, 1985. 

Lawrence DT, Lang J, Culvenor J, et al.: Intrathoracic tracheal rupture. J Feline 

Med Surg 1:43, 1999. 

19. Brouwer GJ, Burhidge HM, Jones DE: Tracheal rupture in a cat. J Small Anim Pract 

25:71, 1984. 

20. Feeney DA: What is your diagnosis? J Am Vet Med Assoc 175:303, 1979. 

White RN, Milner HR: Intrathoracic tracheal avulsion in three cats. J Small Anim 

Pract 36:343, 1995. 

22. Hardie EM, Spodnick GJ, Gilson SD, et ai.: Tracheal rupture in cats: 16 cases 

(1983-1998). J Am Vet Med Assoc 214:508, 1999. 

23. Manning MM, Brunson DI3: Barotrauma in a cat. J Am Vec Med Assoc 205:62, 1 c >94. 
24- Ludwig, LL: Surgical emergencies of the respiratory system. Vet C ’/in North Am Small 

Anim Pract 30:531, 2000. 

Oppenheimer L, Craven K1 \ Forkert L, et a!.: Pathophysiology of pulmonary contu¬ 
sion in dogs. J Appl Physiol 47:718, 1979. 

26. Jones KW: Thoracic trauma. Surg Clm North Am 60:957, 1980. 

27. Cohn SM: Pulmonary contusion: review* of the clinical entity. / Trauma 42:973, 

1977. 

28. Powell LL, Rozanski EA, Tulwell AD, et al.: A retrospective analysis of pulmonary 

contusion secondary to moror vehicle accidents in 143 dogs: 1994-1997. J Vet Em- 

erg Crit Care 9:127, 1999. 

Wagner RB, Slivko B, Jamieson PM, et al.: Effect of lung contusion o pulmonary 
hemodynamics. Ann Thorac Surg 52:51, 1991. 

30. Fulton RL, Peter ET: The progressive nature of pulmonary contusion. Surgery 67: 

499, 1970. 

31. Zapol WM, Snider MT: Pulmonary hypertension in severe acute respiratory failure. 

N Engl J Med 296:476, 1977. 

Erickson DR, Shinozaki T, Beekman E, et al.: Relationship of arterial blood gases 
and pulmonary radiographs to the degree of pulmonary damage in experimental 

pulmonary contusion. / Trauma 11:689, 1971. 

33. VanPelt DR, Wingfield WE, Wheeler SL, et al.: Oxy gen -1 ens i o n based indices as 

predictors of survival in critically ill dogs: clinical observations and review. J Vet 

Emerx Crit Care 1:19, 1991. 

34. Kirby R, Rudloff E: Fluid therapy for the trauma patient. In Emergency Care of 

Trauma Patients, 22nd Annual Waltham Symposium for the Treatment of Small 
Animal Diseases, 1998, p 44. 

35. Thijs LG: Fluid rherapy in septic shock. In Sibhald WJ, Vincent JL, eds.: Clinical 

Trials for the Treatment of Sepsis. Berlin: Springer Verlag, 1995, p 167. 


11 . 


12 . 


13 . 


18 . 


21 . 


25 . 


29 . 


32 . 


Copyrighted material 



Respiratory Injury 


: Immediate versus delayed fluid resuscitation 


36. Bickell WH, Wall MJ, Pepe PE, et d.: 

for hypotensive patients with penetrating torso injuries. N Engl / Med 331:1105, 


1994. 

Franz JL, Richardson JD, Grover FL, et al.: Effect of methy lpredn iso lone sodium 
succinate on experimental pulmonary contusion. ] Thorac Cardiovasc Surg 68:842, 

1974. 

38. Svennevig LG, Bugge-Asperheim B, Bjorgo S, et al.. M ethy Ipred rusone in the treat¬ 
ment of lung contusion following blunt chest trauma. Scond J Thorac Cardtovasc 

Surg 14:301, 1980. 

Trinkle JK, Furman RW, Htnshaw MA, etol.: Pulmonary contusions—pathogenesis 
and effect of various resuscitation measures. Ann Thorac Surg 16:568, 1973. 
Crowe DT: Traumatic pulmonary contusions, hematomas, pseudocysts, and acute 

respiratory distress syndrome. Part I. Compend Con tin Educ P rad Vet 5:396, 1983. 

41. Plumb DC: Aminophylline/theophylline. In Veterinary Drug Handbook, 3rd ed. 

Ames, I A: Iowa State University Press, 1999, p 23. 

42. Antonelli M, Moro ML, Capelli O: Risk factors for early onset of pneumonia in 

trauma patients. Chest 105:224, 1994. 

43. Krahwinkel DJ, Rohrhach BW, Hollis BA: Factors associated with survival in dogs 

and cats with pneumothorax. J Vet Emerg Cm Care 9:7, 1999. 

44. Kagan KG: Thoracic trauma. Vet Clm North Am Small Anim Pract 10:641, 1980. 

Bennett RA, Orton EC, Tucker A, et d.: Cardiopulmonary changes in conscious 
dogs with induced progressive pneumothorax. Am J Vet Res 50:280, 1989, 

46. Brasmer f H: A is for Airway. In Piermatti D, ed.: Major Problems in Veterinary 

Medicine. Vol 2. The Acutely Traumatized Patient. Philadelphia, WB Saunders, 

1984, p 85. 

Crowe DT: Surgical management of thoracic trauma. I; Proceedings of the 7th An¬ 
nual American College of Veterinary Surgeons Symposium, 1 -ake Buena Vista, FL, 


37 


39 


40 


45. 


47. 




48. August IR: Dog and cat bites. J Am Vet Med Assoc 193:1394, 1988. 

49. Levine SH: Diaphragmatic hernia. Vet Clin North Am Small Anim Pr act 17:411, 

1987. 

50. Wilson GP 111, Hayes HM Jr: Diaphragmatic hernia in the dog and cat: a 25 year 

overview. Semin Vet Med Surg Small Anim 1:318, 1986. 

Stickle RL: Positive-contrast celiography (peritoneography) for the diagnosis of dia¬ 
phragmatic hernia in dogs and cats. J Am Vet Med Assoc 185:295, 1984. 

Bednarski RM: Diaphragmatic hernia: anesthetic considerations. Semin Vet Med 


51 


Surg Small Anim 1:256, 1986. 


5}. Wilson DV: Anesthesia for patients with diaphragmatic hernia and 


severe dyspnea. 


Vet Clm North Am Small Anim Pract 22:456, 1992. 

54. Wilson GP III, Newton CD, Burt JK: A review of 116 diaphragmatic hernias in 

dogs and cats. J Am Vet Med Assoc 159:1142, 1971. 

54. DeHoff WD, Greene RW, Greiner TP: Surgical management of abdominal emer¬ 
gencies. Vet Clm North Am Small Anim Pract 2:301, 1972. 


55. Kraje RJ, Kraje AC, Rohrhach BW, et ai: Intrathoracic and concurrent orthopedic 

injury associated with traumatic rib fracture in cats: 75 cases (1980-1998). J Am 

Vet Med Assoc 216:51, 2000. 

56. Anderson M, Payne JT, Mann FA, et aL; Flail chest: pathophysiology, treatment 

and prognosis. Compend Contm Educ Pract Vet 15:65, 1993. 

1 lunt CA: Chest trauma 'p0C7, 179.'the approach to the patient with chest injuries. 

Compend Comm Educ Pract Vet 1:537, 1979. 


57 


Copyrighted material 





I Trauma 


mi 




Maloney JV, Schmutzer KJ, Raschke E: paradoxical respiration and pendelluft. J 

Thmac Cardie vase Surg 41:291, 1961. 

Mazzaferro EM: Respiratory emergencies. Jn Wingfield WE, cd.: Veterinary Emer- 
gency Medicine Secrets, 2nd ed. Philadelphia: Hanley & Belfus, 2000, p 60. 
McAnulty JF: A simplified method for stabilization of flail chest injuries in small 

animals, J Am Amm Hosp Assoc 31:137, 1995. 

61. Bjorling DE, Kolata Rj, DeNovo RC Flail chest: review, clinical experience, and 

new method of stabilization. J Am Anim Hosp Assoc 18:269, 1982. 

62. Thompson SE, Johnson JM: Analgesia in dogs after intercostal thoracotomy: a com¬ 
parison of morphine, selective intercostal nerve block, and intrapleural regional 
analgesia with bupivacaine. Vet Surg 20 73, l l >1. 


58. 


59. 


60 


Copyrighted material 


By definition, a penetrating wound is one that enters the interior of an organ or 
cavity. A perforating wound is one that enters and exits a given organ or cavity. 

For the purposes of this chapter, both types of wounds are discussed, because 

each can occur with the various orms oil trauma noted in the veterinar. small 

animal patient. 
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Bite wounds are the most common penetrating wounds noted in veterinary small 
animal practice. Other penetrating/perforating wounds include projectile 

wounds (bullets, pellets, arrows), stab wounds (knives, pointed weapons), im¬ 
palement wounds (sticks, fencing, metallic objects), and migrating objects (plant 
awns, wood fragments, grass fragments, porcupine quills . 




* 


4 


k 


k 


k 


k 


k 




* r 


rjkl 


j eh 


k I. 


i 




Energy is imparted to tissues during penetration by a foreign object. In the case 
of projectile injuries, the velocity and mass of the propelled object, and the 

tissues affected, will heavily influence the severity of trauma to the patient. This 
is especially evident when bone is hit by a powerful projectile. The bone absorbs 
a large portion of the kinetic energy of the bullet. Bone is shattered and fragments 
of bone are driven into the adjacent tissues. Additional energy is released to the 
tissues adjacent to the projectile f s pathway (cavitation). Frangible projectiles 
also enhance soft-tissue injury by scattering fragments into the regional tissues. 

Bite wounds also can result in massive tissue destruction. Depending on the 

size of the animals involved, and the Ixxly regions attacked, the canine teeth 

can penetrate deep into the body. Tissues can be torn from the struggle that 
ensues. Energy also is absorbed as tissues are crushed by the compressive force 
of the jaws. Circulatory compromise to the tissues, tissue trauma, and contamina' 
tion from virulent bacteria residing in the oral cavity can result in life-threaten- 
ing i a fee tion 

Penetrating objects contaminate tissues not only from topical bacteria and 
debris on their surface, but also by “dragging” skin surface contaminants into the 
wound tract. Higher velocity projectiles also create a transient negative pressure 
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during passage, which is capable of kicking contaminants from the entry and 
exit wounds. 1: 

Retention of plant material is particularly problematic. For example, pene¬ 
trating sticks may fragment in the tissues planes. Unless this debris is removed 
by the surgical exploration of the penetrating wound, the retained plant material 

commonly will result in recurrent abscess formation, migrating foreign bodies, 

and draining tracts associated with rheir retention. 


1 


A I 

AL 






Answers to specific questions pertaining to penetrating wounds will assist the 
clinician in determining the nature of the injury and what steps are required to 
care for the patient. These questions include: 


was the cause of the penetrating u'ound? 

2. What tissues and body regions are (or possibly are) involved. 1 


1 


y 


4. When did the injury occur: 


> 


The exact characteristics and composition of the penetrating object, the 

area of impact, and the time between injury and presentation to the hospital 

are factors that will help determine the appropriate methods ot wound manage¬ 
ment. A detailed history and complete physical examination serve as the “clin¬ 
ical baseline" for the patient 

to better assess the (1) nature of the injury, (2) location of a retained object, 

) selection of the appropriate treatment for the 


are often indicated 


tests 


(3) status of the patient, and ( 




injuries incurred. 


Plain radiographs, contrast studies, ultrasonography, computed tomography 


(CT), and magnetic resonance imaging (MRI ) can be used tor noninvasive eval¬ 
uation of the patient sustaining a penetrating wound. In general, plain radio¬ 
graphs are used to screen a body area to locate retained (radiopaque) penetrating 
objects. They also are used to assess the condition of regional skeletal tissues, 
joints, and the thoracic and abdominal cavities for the presence ot air/fluid. 
Contrast fistulograms can be used to assess the course of a draining tract associ¬ 
ated with a retained (chronic) foreign body. Occasionally, the injected contrast 
material will outline the silhouette of a radiolucent object, such as a retained 
wood fragment. Ultrasound, CT, and MRI can be used to better locate problem¬ 
atic retained foreign bodies and any associated abscess cavity. 1,2 Suspected inju¬ 
ries to the urinary tract can be assessed by lower urinary contrast studies or intra¬ 
venous pyelography to assess the integrity of the kidneys and ureters. 


Copyrighted material 




Hidden page 



Hidden page 



Hidden page 



Trauma 


forces generated by the jaws of a large predator. Penetrating abdominal wounds 


require a mandatory exploratory laparotomy. 12 

Definitive hire wound care would include: 


1. Sterile technique is used in all aspects of wound care. 

Puncture wounds can be uncapped using a scalpel blade to create a 1.0-cm 
or larger circular opening. Mosquito hemostats can be inserted and opened, 
serving as a speculum to assess the underlying tissues. If warranted, an inci¬ 
sion can be made over the wound for better examination, debridement, and 
repair. The incision can be extended to an adjacent puncture wound to 
facilitate the simultaneous management of both wounds. Understanding the 

general location ut major direct cutaneous arteries can help preclude acci- 


2 . 


mised skin. 


tissue debris, and necrotic tissue from the wound site. 

Expendable muscle tissues, in which viability is questionable, may also be 
resected. Thoracic wall injuries must be prepared for the possibility that a 
thoracotomy may be required. Tears to the intercostal musculature may not 

be readily apparent; during the management of thoracic wall injuries, any 
“sucking sound” should alert the clinician to air entering the thoracic cavity, 

necessitating prompt ventilation, pleural space evacuation by thoracocen¬ 
tesis, or the temporary insertion of a thoracostomy tube. 

4. Skin viability occasionally is difficult to determine after bite wound trauma. 

Necrosis may not be evident for 5 to 7 days after injury. If loose skin is 

present at the site of injury, aggressive debridement may be performed to 
help prevent the need for additional surgical debridement at a later date. 
However, a more conservative “wait and reassess” approach is advisable for 
extremity wounds when skin viability is questionable. The limited skin avail¬ 
able on the lower extremities would preclude aggressive debridement unless 
skin clearly is identified as dead. 


essential in ate wound management. The presence of 
contamination, dead space, and compromised tissues increases the risk of 
infection unless drainage is established. Vacuum drains, Penrose drains, and, 


in some situations, open u 
ondary closure, second intention healing) are options for establishing appro¬ 
priate drainage. Vacuum drains are particularly useful in managing wounds 
where the use of Penrose drains would be ineffective or contraindicated. 




The head and neck are commonly attacked by predators. The neck is partic¬ 
ularly susceptible to serious trauma based on its comparatively narrow silhouette 
and concentration of vital structures. Of immediate concern are 
with upper respiratory trauma. Bite wounds to the pharyngeal 
in laryngeal destruction as a result of the accumulation of blcxxl, saliva, edema, 

and crushing of tissues. An emergency tracheotomy may be advisable. It must 


may result 
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Figure 69-2 

(A) Unusual impalement wound of the pharynx and cervical area. The dog impaled it 

self on the "nock end" of an arrow as it ran at the projectile embedded in the 

ground. View of the arrow through a cervical incision. (B) The arrow was extracted 
from the neck. The pharyngeal tear was repaired. The cervical incision was closed 
after insertion of a vacuum drain. 
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<B) 


Figure 69-3 

(A) Cervical exploration of an impalement wound, secondary to the dog running 
with a pine branch in its mouth. The stick was removed by the owner. Note the pine 
needle in the exploratory area (arrow). (B) Skin hooks were used to elevate the pha¬ 
ryngeal mucosa associated with the laceration, prior to debridement and closure. 
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Figure 69-5 

Bowel perforation in a cat, associated with a BB fired from an air rifle. Exploratory 
laparotomy should be performed on all penetrating/perforating abdominal wounds. 


the tendency for lead to slowly dissolve in joint fluid. However, not all projectiles 
are composed ot lead: today, steel ^hot is more commonly used in bird hunting. 
Air-propelled BRs also are composed of steel. Many jacketed bullets have a lead 
core encased in brass, cupronickel, or steel. 

Removal o! nonprohlematic projectiles, which are not easily accessible, is 

usually unnecessary. However, there may be occasions in which removal of a 
projectile is important for legal purposes. Veterinarians must be familiar with 

the legal ramifications associated with gunshot wounds and the transfer of evi- 
dence to legal authorities. 


1.5 


1.5 


Arrow 


Athi nigh far less common that gunshot wounds, arrow wounds are occasion' 

ally seen in small animal practice. Arrows are divided into rwo general categories, 

based on the type of “point” or head”: field points and hunting points (broad 

head*). Field points have a pointed, noncurting tip with a diameter comparable 

to the shaft. Broad heads are hunting arrows with blades designed to cut tissues 
on impact. Hunting arrows are primarily designed to kill by striking vital organs 


Copyrighted material 












Hidden page 



I Trauma 


972 


organ (e.g. t heart), thereby limiting leakage of its contents. The animals should 
be gently restrained to avoid additional tissue trauma associated with jostling of 
a retained arrow. Long portions of an exposed shaft can be cut with bolt cutters 

above the entry level of the arrow to facilitate positioning of the patient and 

minimize movement of the retained projectile. Exposed broad-head arrows often¬ 
times can be unscrewed from the shaft, as noted above. 1 

Radiographs are useful to determine the nature of a retained arrow head 

and to determine if fragments of the broad-head blade were broken off in the 


atory is indicated. Wide, aggressive debridement of arrow wounds generally is 
not indicated. Although held point arrows lack cutting blades, broad-head arrows 

can cut or lacerate tissues. After wound lavage and inspection, damaged tissues 

can be repaired. Drainage can be established with the use of Penrose drains and 


vacuum drainage systems. 1 In some cases, systemic antibiotics may be indicated, 


especially in the presence or likelihood of infection. 


Pavlettc MM: Management of specific skin wounds. In Pavletic MM, ed.: Atlas of 
Small Animal Reconstructive Surgery, 2nd ed. Philadelphia: WB Saunders, 1989, 


1 . 


66, 85. 


Pavletic MM: Bite Wound Management in Small Animals. Lakcwocxl, CO: AAHA 

Professional Library Series, 1995. 

3. Griffiths LG, Tiruneh. R, Sullivan, M, Reid SWJ: Oropharynge I penetrating injuries 

in 50 dogs: a retrospective study. Vet Surg 29:383, 2000. 
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4. Grahn BH, Szentimrey 


D, Pharr JW, et al Ocular and orbital porcupine quills in 

the dog: a review and case series. Con Vet J 56:488, 1995. 
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INTRODUCTION 


Bum injury in small animals may be seen as a consequence of exposure lo sources 
of heat, caustic household and industrial chemicals, or electric current. Bum 

trauma may be accidental in nature, or it may be malicious. Direct thermal 
trauma such as seen in household hres, following contact with scalding liquid 

such as water or tar, or heated surfaces such as radiators, stoves, or automobile 

exhaust pipes will result in immediate thermal wounds. Chemical burn injuries 
will also be immediately apparent. Inappropriate contact with electric heating 
pads and overexposure to hot air dryers or heat lamps will cause thermal bum 
injuries with lesions developing over several days. 1 Electrical injuries related to 
high'voltage current such as seen in lightning strikes will result in immediate 

burn injury; those associated with low-voltage current such as with young ani¬ 
mals chewing electric cords will result in tissue damage that may be immediately 

visible or may not be apparent for several days. 

Iatrogenic causes of thermal injuries are more common. Caution must be 
exercised when warming anesthetized, debilitated, or pediatric patients with po¬ 
tent external heat sources such as heating pads, hot water bottles, or heating 

lamps. Considerable heat can be generated by these sources; prolonged contact in 

combination with local heat retention can produce sizeable full-thickness bums. 

Although the skin is most affected, bums affecting greater than 20“<> of 
total body surface area 


i 


cardiac, respiratory , and immune function. Management of bum injuries includes 


both local wound management, as well as the support of vital organ systems. 

Adjunctive therapies include nutritional support, the provision of analgesia, and, 

where necessary, of systemic antibiotic therapy. 


The severity of the bum injury is determined by the evaluating the degree or 
depth of injury as well as the percentage of TBSA involved. In animals, bums 
are classified as superficial (first degree), partial-thickness (second degree), or 
full-thickness (third degree), depending on the depth of tissue damage. Superfi¬ 
cial bums affect only the epidermal layer of the skin. Partial-thickness bums 

may be either superficial (involving the epidermis and the superficial dermis) or 
deep (involving the whole epidermis and mid to deep dermis). Full thickness 
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bums include the entire epidermis and dermis and may involve unde r lying struc¬ 
tures. 2 Deep burns may result in excessive scar formation and impaired mobility, 

as well as hair loss. 

The percentage of 1 1 SA involved can be estimated by allotment of specific 
percentages to various body regions (Rule of 9): rhe head and neck account for 

9%, each forelimb for 9%, each rear limb for 18%, and the thorax and abdomen 

each for 18%. 2 






Injury 






Bums occur when thermal energy is applied to tissue. The temperature of 

the heat source, the duration of contact, and the ability of the tissue to dissipate 
heat all influence the severity of the burn. The tissue closest to the heat source 
undergoes complete necrosis. Injured tissue adjacent to the necrotic region has 
reduced Hood flow and intravascular sludging, due to vascular damage as well 

as release of vasoactive substances. Progressive dermal ischemia in the 24 to 

48 hours following initial injury, with convert partial-thickness bums into full- 

tissue furthest from the hear source is characterized by 
minimal damage and inflammation. Capillaries and venules in this area become 
highly permeable, leading to marked interstitial edema formation. Where the 

bum surface area is large, significant fluid and protein shifts may occur, resulting 

in hypovolemia. Burn tissue also sequesters sodium, which pulls additional water 
from the circulation/ 


Bums affecting greater than 20% of TBSA will impair cardiac, respiratory 
and immune function. Massive fluid shifts and vascular changes result in hy 

lemia and circulatory shock. Capillary damage and the release of inflammatory 

mediators and oxygen free radicals pnxluce leakage of plasma proteins into the 

burn site. Once hypoalbuminemia develops, generalized soft-tissue edema occurs. 
Cardiac output falls as a consequence of hypovolemia and shock. Profound hypo¬ 
volemia will lead to tissue hypo;ierfusion and impaired delivery of oxygen and 

nutrients to vital organs. Myocardial depressant factors released from burned 

tissues, together with the effects of carbon monoxide, may also impair myocardial 
contractility. This results in multiorgan system dysfunction/ 

Pulmonary function may be markedly impaired in the burned patient. Trun- 
cal burns may result in restriction of ventilation. Respiratory failure results from 
severe bronchopulmonary injury related to carbon monoxide, cyanide and smoke 
toxicities. Carbon monoxide combines with hemoglobin causing displacement 
of oxygen and consequent hypoxemia. 4 Smoke toxicity may cause direct heat- 

related airway injury, laryngeal edema, and bronchoconstriction. Damage to pro¬ 
tective cilia and compromise of surfactant activity leads to atelectasis. Long- 
term sequelae may include bronchopneumonia and pulmonary fibrosis. 4 


>vo 




Copyrighted material 



Burn Injury I Chapter 70 


1 he extent of injury caused by a caustic chemical agent depends on the 

chemical concentration and duration of contact. When strong acids or alkalis 
contact skin, injury results from thermal energy, coagul ition necrosis, vascular 
thrombosis, and collagen denaturation. Paint solvents, furniture strippers, and 
concentrated flea dip solutions are also capable of causing superficial and partial' 

thickness skin injuries. 


Electric current damages tissue by the conversion of electric energy into 
heat producing protein coagulation. The severity of electrical injury is related 
to the type of circuit, voltage, amperage, duration of contact, pathway of current, 
and tissue resistance. Tissue injury is most severe at the point of contact, where 
the current density is greatest. This type of injury is responsible for the oral hums 
seen in most animals treated for electric cord injuries, which are caused by low*- 
voltage (<1000 V) household alternating current (60 Hz). Low-voltage oral 
burns commonly involve the commissures of the lips, gums, tongue, and palate 
in small animals. 5 Electrical injury may be associated with rhe development of 
pulmonary edema, which may be mediated through a centroneurogenic reflex 
causing an increased pulmonary capillary hydrostatic pressure. This form of 
edema has a typical caudodorsal distribution in the lungs of the victim and may 

have an immediate (wit hin 1 hour) or delayed (24-36 hours) onset. This 
genic” pulmonary edema is usually seen with oral electrical bums in young dogs 
and cats that bite live electric cords, 5 High'voltage (>2000 V) electric current, 

such as seen with lightning strike or high-tension power transmission lines, may 
also cause bums. These injuries are uncommon in pets and are usually fatal. The 
contact or entry point is usually charred and leathery, and rhe exit w-ound at 
the ground point may be “exploded.” 


neuro 










The depth and extent of injury must he assessed to determine prognosis 

and implement a treatment plan. The full extent of injury may not be apparent 

for 5 to 7 days until necrotic tissue separates from bordering and underlying 
viable tissue. 3 Patients with superficial bums have skin that is erythematous, dry 
to the touch, hyperesthetic, and without blister formation. 

Desquamation of the epidermis occurs, followed by development of a thick 
scab or crust. Healing will occur within 3 to 5 days, with liair regrowth likely. 3 

Superficial partial-thickness bums will appear denuded, with exudation, blister 

formation and pain, and normal resistance to hair pulling. 1 lealing will occur 

in 10 to 21 days with minimal scarring. 3 Deep dermal partial-thickness bums 

appear dark or yellow-white, contain ruptured bullae, and have decreased sensa- 


Copyrighted material 









Section X Trauma 


976 


tion to a pinprick bur intact sensation tor deep pressure. Healing is prolonged 
and often results in extensive scar formation and marked contracture of tissues, 
unless surgical intervention occurs. Significant systemic effects, such as cardio¬ 
vascular shock, are present. 1 Full-thickness hums appear as charred, leathery, 

bloodless, hairless lesions (or easily epilated hair) with little or no pain or sensi¬ 
tivity. * These wounds heal slowly, by second intention. Surgical intervention, 
in the form of skin grafting, is often necessary'. 

It is essential to recognize the signs of “bum shock,” which include pale 
mucous membranes, prolonged capillary refill time, tachycardia, and hypoten¬ 
sion. If the hair on t ie face and mouth are singed or evidence of comeal damage 
is noted, then smoke inhalation injury should also be suspected. 




The hematocrit will be elevated and serum albumin levels will be decreased 
in a patient with significant plasma loss into burned tissue. Concomitant red 
cell hemolysis may result in a normal or decreased hematocrit. Loss of fluid from 

the bum surface may result in hypernatremia (> 145 mEq/L) and hyperchloremia 

(> 110 mEq/L), unless replacement fluids are provided. Tissue necrosis may cause 
mild hyperkalemia. Poor tissue perfusion and shock in the early postbum period 
may result in metabolic acidosis. 1 In smoke inhalation injury, thoracic radio¬ 
graphs may reveal interstitial and alveolar patterns consistent with pulmonary 
edema. 4 


The medical history may reveal the nature ot rhe chemical and duration 

of contact. Bum injury may be mild, appearing as intercellular edema of the skin 
or separation of the dermis from the epidermis, with pniritis or pain. IVeper 
tissue destruction resulting in full-thickness bums may be seen with acids and, 

particularly, strong alkalis. If the agent is unknown, a sample may be submitted 
for analysis. Where vapor inhalation or consumption of the material is suspected, 

close attention diould be paid to the eyes, and the oral/laryngeal/pharyngeal 
area. 


Electrical injury is most commonly seen in young animals. The history may 
he definitive if the episode is witnessed* More commonly the animal is found 
collapsed with characteristic oral and cutaneous burns involving commissures of 
the lips, the dorsum of the tongue, and the hard palate. These tend to he well 
circumscribed, cold, bloodless, and pale yellow in color. The lesions are also 
painless. Arcing of the current may result in copper deposits within the bum 

lesion. The presence of respiratory compromise, characterized by labored breath¬ 
ing, coughing, and fine pulmonary crackles on auscultation, indicates the devel¬ 
opment of neurogenic pulmonary edema. Thoracic radi<>graphs will reveal a gen- 
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eralized alveolar-bronchial pattern with air bronchograms in the caudal lobes of 

the lung. This pattern is usually bilateral and symmetrical. Electrocardiography 
may reveal ventricular arrhythmias. Other clinical signs include grand mal sei- 

respiratory and cardiac arrest (particularly with high-voltage injuries), 


zures 

weakness, unconsciousness, transient muscle stiffness, vomiting, or diarrhea.' 


t 


Wound management involves protection of burned tissue. Debridement of 
devitalized tissue helps to control infection and provides and environment con¬ 
ducive to healing and surgical closure. Extensive bums may require closure with 

skin grafts. 


Initial Wound Management 

Damage to skin and underlying tissue may continue after the initial injury 
due to the low thermal conductance of skin. If the patient is seen within 2 hours 
of injury , cold water and saline at a temperature of } 

be applied to the wound surface, for at least 30 minutes to decrease heat retention 
and reduce the depth of tissue injury. Extremities may be cooled by immersion 
in the cold liquid. Burned tissue must not be packed in ice because this will 
further compromise tissue viability. After burned tissue is cooled, the hair should 

be carefully clipped from the bum area. The wound is then examined to assess 

the depth and extent of damage. Small superficial and partial-thickness bums can 
be topically covered with a broad-spectrum antibiotic ointment. Burn wounds on 

Sower extremities and the ventral trunk can then be covered with sterile occlu- 

band " u pp. -tcct thv i:-iiv from conummar ion and external trauma In 

the case of more extensive wounds, topical agents may be applied without a 
covering bandage. The topical ointment selected for use should be a broad-spec¬ 
trum antimicrobial with reasonable penetration into the bum eschar; it should 
be nonirritating and nontoxic, with minimal systemic absorption. Commonly 


to 17°C (37°-63°F) can 


o 


t 


two to three times 


my cm 

a day after wound cleaning and debris removal. Wound cleaning, debridement, 

and bandaging will require the use of sedatives or general anesthesia. Analgesics 

arc an integral part of patient care during the hospitalization period (Table 70-1). 






As full-thickness injuries become more apparent as necrotic tissue separates, 
serial debridement to remove devitalized tissue may become necessary. If left 
alone, the necrotic tissue and exudates (known as the hum eschar) will undergo 
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1. Analgesia for Burned Patients 


IT. 


J 




1 


Morphine sulfate (Astramorph, Astra) 


Dog: 0.2-0.5 mg/kg SQ # IM # IV, q 2-4 h 

Dog: 0 05-0.20 mg/kg SQ, IM, IVq 2-4 h 

Cat: 0.05 mg/kg IV, SQ q 4 h 


Oxymorphone hydrochloride (Numor 
phan, Dupont) 


Butorphanol tartrate (Torbutrol, Fort 

Dodge) 


Dog: 0.1 

Cat: 0.1 


4 


f 


I 


f 




Ketamine hydrochloride (Vetalar, Fort 

Dodge) 


Dog: 1 

mg/kg q 6 h RO 
Cat: 1 


IM 


# 


i 




7 


* 


t 


Fentanyl, Transdermal (Duragesic, Jans 
sen) 


Dog: 


25-50 lb 50 pg/h 


Cat: 25pg/h per cat 


bacterial colonization and predispose to the development of sepsis. Additionally, 
the persistence of the bum eschar results in impaired granulation bed formation 

and delayed wound healing. 6 Debridement is particularly important in the man 

agement of deep partial- and full-thickness bums. Conservative mechanical de 

bridement involves the immersion of the injured area in water or 

or the application of wet-wet dressings. This facilitates the softening and separa 
tion of necrotic tissue from the underlying viable tissues. Immersion should be 
carried out for 20- to 30-minure periods, two or three times daily. Following 

immersion, loose tissue can he removed with thumb forceps and scissors. The 

wound is then covered with an antimicrobial ointment. Surgical debridement 
or wound excision is used to remove the entire bum wound before temporary 

or permanent surgical closure. After surgical excision, a healthy granulation bed 

forms within 5 to 7 days. Following this, graft or flap closure is possible. This 

technique facilitates wound healing and often results in a considerable reduction 
in morbidity and hospital stay. 


i 


6 




Superficial and panial-thickness bums will re-epithelialize within 3 weeks 
whereas deep dermal partial-thie kness bums take longer. Full-thickness defects 
heal by contraction and epithelial nation from the wound edges. This process 

takes a long time, and in the case of large skin defects, will not allow successful 

closure of the wound. In these cases, autogenous tree grafts, axial pattern flaps, 

and skin advancement techniques are used to provide wound surface coverage. 

Smaller full-thickness wounds may heal by contracture and re-epithelialization 

alone, but often the end result is severe scarring and contracture, with possible 
compromise to function, particularly in areas subject to constant motion. 


i 


6 
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Thermal wounds should he managed as described above in the section on 

wound management. Oxygen supplementation may be necessary in patients with 
shock or those with inhalational injuries. Aggressive fluid therapy is essential for 
resuscitation of severely burned animals. Large volumes of fluids may be required 
to correct losses occurring both from the burned surface as well as into the intersti¬ 
tial space. Initial fluid management involves the use of isotonic crystalloid solu¬ 
tions. Fluid requirements range from 2 to 6 mL/kg body weight multiplied by 

percent TBS A burned, to be administered in the first 24 hours. One half of the 

calculated dosage is administered within the first 8 hours to combat the loss of 

fluid into the interstitium during the phase of rapid edema formation. 2 Addition¬ 
ally, larger “shock doses” of fluids may be given, as needed, for resuscitation. Once 

capillary microvascular leakage slows after the first 6 to 8 hours, colloids such as 

dextrans (Gentran-70, Baxter), hetastarch (Hespan, Dupont), and plasma will be 

retained within the vasculature and can be administered to the patient. Both col¬ 
loids and blood transfusions are avoided in the first 8 hours because of t he risk of 
extravasation into bum tissue, leading to increased edema formation. 2 For long¬ 
term support of volume and colloid oncotic pressure, synthetic colloids can be 

administered as constant rate infusion at a dosage of 20 mL/kg/d. If serum albumin 

levels fall below 1.5 g/dL, plasma transfusion should be considered, at a dosage of 
0.5 mL plasma X lx >dy weight (kg) X percent i BSA burned. 

IXiring the chronic phase, maintenance of plasma volume, electrolyte bal¬ 
ance, and nutritional requirements must be addressed. Nutritional support is es¬ 
sential to prevent excess protein catabolism and to promote wound healing. Oral, 

parenteral, or enteral routes may be used, and supplementation should begin 
within 48 hours of a hum injury. Systemic antibiotic therapy may be indicated 
for life-threatening pneumonia (in patients with inhalation injury) or sepsis. 
Antibiotics should be selected and administered on the basis of results of culture 

and sensitivity of transtracheal washings or wound discharges. Analgesic admin¬ 
istration is an integral part of patient management. See Table 70-1 for analgesic 

options and dosages. 


Chemical bums caused by acids, alkalis, and household solutions should be 
lavaged with large volumes of water to return skin pH to normal and limit the 

extent of injury. Solvents and petroleum products may be washed with strong 
detergents such as Ivory or I^wti dishwashing liquids. Hot tar may be removed 

with surface-active agents such as polyoxyethylene sorbitan (Tween 80, Sigma), 
which is present as an emulsifying agent in Neosporin (Neosporin Plus, Glaxo- 
Wellcome) and other antibiotic ointments. Alkali-related bums require exten¬ 
sive and prolonged lavage to normalize tissue pi i Neutralizing agents may also 
be helpful in limiting the extent of injury, following copious lavage. These agents 

may be applied to the wound surface with gau:e sponges for 15 to 20 minutes, 
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and rhe application may he repeated. Acidic compounds such as 
and hydrochloric acids may he neutralized by magnesium hydroxide or sodium 

bicarbonate solutions. Rums caused hy lyes such as sodium hydroxide, potassium 
hydroxide, 


nitric 


acetic 


ammonia 


saline solution is recommended. Management of superficial and partial-thickness 

chemical burns is similar to the management of thermal burns. I deeper necrosis 

of skin and underlying tissues is best managed by excision and closure unless the 

minor size of the wound supports healing hy secondary intention. 


It the episode is witnessed the animal must immediately he removed from 
contact with the electrical source, once the power has been turned off. Local 
treatment of the burn site includes clipping and cleaning the site and the applica¬ 


tion as the (inset of respiratory symptoms may be delayed. Oral and cutaneous 
bums are usually slow to heal. Many mild injuries will slough and heal within 

> week* without the need tor surgical debridement. Oronasal hstulae require 
surgical closure with mucosal flaps, labial advancement flaps, or skin flaps. 1h Large 
areas of necrosis will require debridement and eventual surgical closure. 


Prognosis is reasonably good if the patient survives rhe first 48 hours. Partial- 

thickness hums covering less than 15% to 20% TBS A carry a good prognosis 
because wound treatment and supportive therapy are minimal. Patients with 
deep partial-thickness and full-thickness wounds involving greater than 20% 

TBS A usually require intensive supportive therapy and wound management in¬ 
volving lengthy hospitalization and reconstructive surgery. Owners must be 

counseled about the effects of wound contracture on limb function as well as of 
the potential cosmetic effects of hair loss. Where full-thickness bums cover over 

50% of TRSA, large expenses and intensive nursing should be expected, and 

the chances of recovery are poor. 1 Euthanasia i 
patients. 


in hese 


is a 


crate chemical burn injury is associated with a more favorable 


Mild to in< 

prognosis. Severe chemical hums may cause severe systemic 
shock and sepsis, as well as significant compromise of function, with a poor 


prognosis. 


al Injury 


Animals that survive the initial electrical shock and the first 24 hours usu¬ 
ally recover. If oral lesions are severe, healing may result in contracture and 
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scarring of the tongue and lip commissures. Pulmonary edema usually resolves 
within 2 to 4 days. 
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Smoke inhalation is a relatively rare occurrence in veterinary emergency and 
critical care. At the University of Pennsylvania only 27 dogs and 22 cats have 
been admitted to the Emergency Service with a diagnosis of smoke inhalation/ 

exposure during an approximate 10-year period. 1,2 This relatively infrequent pre¬ 
senting complaint is surprising given the frequency of dv riling fires in an urban 
environment such as Philadelphia where 1550 fires have been reported to occur 
in 1996 alone. The spectrum of physiologic compromise that can occur to ani¬ 
mals that are exposed to smoke can vary widely. Corr^xwnding this is the re¬ 
ported delayed effects that can occur and the complications that skin bums con¬ 
tribute to the respiratory and overall physiologic changes. There is a paucity of 

information regarding animal smoke exposure in the veterinary clinical literature 
although numerous animal models of smoke inhalation provide insight into this 
challenging clinical problem. Though rare, it is important that the veterinary 
emergency and critical care practitioner he familiar with the pathophysiology, 

clinical manifestations, therapeutic rationale, and prognosis of this medically 

challenging condition to optimize outcome in these critically ill animals. 


I 


The components or smoke are complex and are determined by the type of mate¬ 
rial that is burned, the heat that is generated, and the amount of oxygen (Oj) 
available during combustion. Extensive reviews have been written regarding the 

variety of chemicals that may be present in smoke. 5 5 Although extensive knowl¬ 
edge regarding the individual chemicals that may be present and the resultant 
damage they can induce in the pulmonary tissue is interesting, it is nearly impos¬ 
sible for the clinician to know what the animal has inhaled. Nevertheless, there 
are three major pathophysiologic insults oi smoke inhalation: tissue hypoxia, 
thermal damage, and pulmonary irritation. 

Tissue hypoxia occurs due to decreased inspired O 2 concentration, de¬ 
creased abil it v of the blood to carry O 2 , decreased tissue perfusion, and disruption 

of the cells* ability to use O 2 . The consumption of O 2 and the production of 

carbon dioxide (CO 2 ) during combustion in a closed space can lower inspired 
0 2 concentration to 15%. 6 In addition, tissue asphyxia occurs due to inhalation 

of carbon monoxide, cyanide, and the production of methemoglobinemia. 7 The 
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acute decrease in inspired O 2 concentration is the reason many animals lose 

consciousness at the fire scene. Carbon monoxide also contributes to tissue hyp¬ 
oxia through binding to hemoglobin and decreasing (^-carrying capacity of the 
bkxxl. Carbon monoxide competitively binds to hemoglobin with 200 to 250 

times the affinity compared to CU Other proposed mechanisms of carbon monox¬ 
ide effects on O 2 delivery and metabolism include a leftward shift of the O 2 / 
hemoglobin dissociation curve, preventing the release of O 2 to the tissues, card 10 - 

toxic effects from binding to myoglobin, and poisoning of the mitochondrial 

cytochromic oxidase. 8 

Cyanide is produced from the combustion of wool, plastics, polyurethane, 

silk, nylon, rubber, paper products, and other materials. Cyanide can inhibit 
tissue aerobic metabolism by binding to the ferric ion on cytochrome-A* and 

also arrests the tricarboxylic acid cycle. As a result, cells generate adenosine 
triphosphate primarily through glycolysis causing increased production of lactate. 

Decreased tissue O 2 delivery may occur due to the formation of methemo¬ 
globinemia from heat denaturation of hemoglobin, oxidation of nitrogen, and 
combustion of nitrites. 7 

In people, the first respiratory signs are typically upper airway signs and may 
t>ccur within minutes to hours after fire exposure. The upper airway signs may 

be due to particulates, irritants, or thermal injury. The severity of the upper 

airway signs may progress over the first 1 to 12 hours due to progressive edema 
and swelling. Particularly with aggressive fluid therapy, upper airway swelling 
may progress to complete obstruction necessitating tracheostomy. 

Upper airway signs are some of the most common signs noted in dogs and 
are usually evident at presentation to the emergency hospital. Thermal injury 
of the pulmonary system is primarily limited to the upper airways due to the 
high heat capacity of the upper respiratory system. Injury is typically limited to 

the supraglottic area and larynx. Swelling, inflammation, and edema can progress 

to the point of complete obstruction of the upper airway. These changes gener¬ 
ally occur within the first several hours of smoke exposure, although in a clinical 
study in dogs, tracheostomy for upper airway injury was necessary between 24 
and 72 hours after exposure to fire. 1 

Chemical irritants m smoke include sulfur dioxide, chlorine gas, and acrole¬ 
ins. Irritants cause direct injury to the respiratory mucosa through the prodi u don 

of acid and alkali bums as well as formation of free radicals and protein denatur- 

ation (acroleins). They also contribute to respiratory dysfunction by inciting a 
reflex bronchoconstriction and pulmonary inflammation. The irritants may cause 

pulmonary injury anywhere along the pulmonary tract. High water-soluble irri¬ 
tants tend to cause upper airway lesions and low water-soluble irritants penetrate 
to the lower airways and alveoli causing damage. The irritants may also inacti¬ 
vate surfactant within seconds of smoke inhalation causing atelectasis and de¬ 
creased compliance. 9 

Smoke particulates cause mechanical irritation and reflex bronchoconstric- 
tion. Superheated particles contribute to mucosal burn; dissolved irritant gases 

cause chemical irritation and injury to the respiratory mucosa. 

The clinical manifestations of tissue hypoxia are primarily manifested by 
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organs that use large amounts of 0> including the brain and heart. Neurologic 
signs can range from mild depression or stupor to coma or seizures. Cardiac mani¬ 
festations typically manifest as arrhythmias. Tissue hypoxia may occur at the 
onset of combustion when ambient O 2 in consumed and CO: and carbon monox¬ 
ide are produced. Decreased inspired O 2 (Fk>;) is a likely cause of the immediate 
mentation changes that occur in these patients. In a study evaluating dogs and 
cats with smoke exposure, several Jogs and cats were reported to have severe 
mentation changes or loss of consciousness at the fire scene. u Many of these 
animals had rapid improvement in mentation on removal from the dwelling and 
exposure to O 2 supplementation or fresh air. Persistent neurologic changes may 
occur due to decreased inspired 0 2 or decreased tissue O 2 delivery from high 
concentrations of carboxyhemoglobin or methemoglobin. Altered mentation 
may persist until carboxyhemoglobin concentrations decrease to a safe level or 

persist beyond normalization of carboxyhemoglobin concentration if brain tissue 

hypoxia has been prolonged. Persistent neurologic changes attributed to high 
carboxyhemoglobin changes in people include personality and memory distur¬ 
bances, a Parkinson-like disorder, mixed motor and sensory neuro 
chiatric disturbances.* in cats and dogs, persistent neurologic changes are noted 

within the first hours after presentation and range from depressed mentation or 
gait changes to stupor or coma. 1 Some animals are euthanatized within several 

hours of presentation due to severe neurologic changes. Long-term persistent 

neurologic changes have been noted in dogs and include pacing, shaking the 
head, and acting as if hearing things or just M never acting right” since the expo¬ 
sure to fire. 


The majority of smoke inhalation cases tend to occur in the colder months of 
the year. This likely reflects the greater frequency of dwelling fires due to space 
heater accidents, heater malfunctions, and the use of Christmas lights. 1,2 Also, 
animals have less chance to escape due to closed windows and doors although 
it has been reported that animals do not always look for an avenue of escape 
but move to areas of familiarity. 10 The majority of animals that present to the 
veterinary emergency facility tend to he younger animals with a median age of 




slightly greater i years. 


dogs tend to do worse than younger ones.* It could he that the younger animals 


are more likely to survive and make it to the emergency hospital. 






The clinical signs vary depending on the in 
inhaled, the heat of the smoke, and the intensity and duration of the exposure. 
Animals may present with mild or no obvious clinical signs or have life-threaten¬ 
ing respiratory and neurologic abnormalities. 

The most common clinical signs in dogs noted at the scene of the fire in¬ 
clude stupor or coma (47%), coughing/gagging (35%), and respiratory difficulty 
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(35%). Other less commonly reported signs include weakness/ataxia, foaming 

from the mouth, and rubbing at the eyes. 


(44%), coughing (22%), loss of consciousness (22%), and lethargy (22%) are 

the most common clinical signs noted at the fire scene. 


MINATION 




The physical manifestations of smoke exposure in dogs and cats are a manifesta¬ 
tion of tissue hypoxia, thermal damage, and irritation of mucous membranes. Of 
particular concern are the effects of smoke on the pulmonary and central nervous 
systems. 


The majority of dogs and cats have normal rectal temperature and pulse 
rates. Respiratory rate is usually increased as a result of pulmonary irritation, 

bronchoconstriction, and hypoxia. 


Mucous membrane color may vary from normal pink to hyperemic or cya- 
m >t ic. The more severely affected animals tend to have hyperemic mucous mem¬ 
branes. The hyperemia may be a result of mucous membrane irritation by smoke, 
carbon monoxide intoxication, and, less likely, by increased C0 2 concentration 

or cyanide toxicity. 


Corneal and conjunctival irritation occur commonly in dogs and cats ex¬ 
posed to smoke. This is manifested by conjunctivitis, blepharospasm, rubbing at 

the eyes, corneal ulceration, and edema. 


The majority of dogs and cats that present with smoke exposure do not 
have skin burns. Many have a smoky smell that confirms relatively close contact 

with smoke. Skin bums indicate a close exposure to the fire and possibly greater 
thermal and smoke exposure for the pulmonary system. Pulmonary effects tend 
to be worse when smoke inhalation and skin burns occur together and a more 
serious prognosis is warranted. 


Loss of consciousness may occur at the fire scene and is most often due to 

decreased inspired 0 2 concentration from the combustion of material during the 
tire. Many of these animals regain consciousness once removed from the smoke- 
tilled environment and given supplemental 0 2 . The majority of dogs and cats 
are relatively alert or are mildly depressed at presentation to the veterinarian. 
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More serious nervous system abnormalities can occur and include stupor, coma 
disorientation, and ataxia. 


The majority of dogs and cats have an increased respiratory rate. Upper 

airway sounds occur as a result of mucosa swelling from irritation and thermal 
injury. Lower airway abnormalities are relatively common and are manifested as 

increased bronchovesicular sounds and crackles. Expiratory wheezes are heard 

with small airway narrowing from bronchoconstriction and mucosal swelling. 
Rarely, localized areas or decreased airway sounds may occur due to small airway 
obstruction from mucosal swelling, mucosal sloughing, and paniculate debris. 






Evaluation of packed cell volume (PCV), total solids, dipstick glucose, and dip¬ 
stick blood urea nitrogen are warranted in the more severely affected patients. 
PCV tends to be higher and blood glucose lower in more severely affected dogs. 1 

Arterial blood gas analysis is invaluable for assessment and monitoring of 
respiratory function. If arterial blood gases are drawn during 0 : supplementation, 
the evaluation of the ratio of PaCh/Fto 2 provides an assessment of the lung's 
ability to oxygenate the blood. The nadir of this ratio in dogs with smoke inhala¬ 
tion tends to occur between 24 to 48 hours after smoke exposure. 1 A persistent 
severe base deficit (or high lactate concentration! in the absence of the most 
common causes 

idosis, and toxin ingestion) suggest possible carbon monoxide, methemoglobin¬ 
emia, or cyanide intoxication. Co-oximetry provides direct measurement of ear- 
boxyhemoglobin and methemoglobinemia, this technology* is not commonly 
available in veterinary medicine. Pulse oximetry is a noninvasive method of 

assessing oxygenation of hemoglobin. In smoke inhalation where carboxyhemo- 

globin or methemoglobin may form, pulse oximetry is inaccurate and will overes¬ 
timate the hemoglobin saturation with O 2 . 

In animals with ocular signs, evaluation for foreign bodies and comeal ulcer¬ 
ation should he performed. Topical ocular anesthesia will decrease blepharo¬ 
spasm and allow exploration under the eyelids and a more detailed evaluation of 
the cornea. Fluorescein stain should be performed to assess for corneal ulceration. 
Superficial comeal ulceration occurs frequently in animals exposed to smoke and 

fire. 


Thoracic radiographs provide additional assessment and monitoring of rhe 
respiratory system. A variety of abnormalities may be noted including alveolar, 
interstitial, and peribronchial patterns. 1 * 2 Rarely, a collapsed lung lobe may occur 
as result of bronchial obstruction from mucosal swelling, sloughing, and debris. 

As with most dynamic disease processes, thoracic radiographic changes lag be¬ 
hind the clinical appearance of the animal. 

Finally, as with any critically ill animal, a complete blood count, chemistry 

and urinalysis should be performed. 


sc r ee n 
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The treatment of smoke inhalation is primarily supportive. 0> supplementation 
should he administered to any patient showing respiratory or neurologic changes. 

Administration of 100% O 2 will treat hypoxemia and decrease the elimination 

half-time of carbon monoxide from 4 hours to 80 minutes. 4 

Hydration with intravenous balanced electrolyte solution should he main¬ 
tained to avoid drying and thickening of airway secretions. Pulmonary vascular 
permeability may he increased and overhydrarion should he avoided to minimize 
accumulation of pulmonary fluid. 

Corticosteroids have been used to decrease airway inflammation in animals 

with smoke inhalation. The use of corticosteroids in experimental animal models 
of smoke inhalation and one clinical study in people have had mixed results. 
Dexamethasone and methyl prednisolone decreased mortality in a rat model of 

smoke inhalation, whereas cortisone and hydrocortisone did not. 11 Dexametha¬ 
sone given to people with smoke inhalation did not make a difference on any 
parameter assessed compared to the group that did not receive corticosteroids, 12 
In a retrospective study on smoke exposure in dogs, dexamethasone was adminis¬ 
tered more frequently to dogs that had longer hospital stays and more compli¬ 
cated clinical courses. 1 The retrospective design of the study could not illuminate 

the cause and effect of this association. In summary, there is no strong evidence 

for corticosteroid administration in animals with smoke inhalation and is not 
currently recommended. 

Antibiotics are often administered to animals with smoke inhalation. Cur¬ 
rently, prophylactic antibiotics are not indicated and antibiotic therapy should 
be guided by culture and sensitivity. Animals with smoke inhalation that are 
intubated and receiving positive pressure ventilation may be particularly suscep¬ 
tible to pulmonary infection and should be monitored accordingly. If pulmonary 
infection is diagnosed, then broad-spectrum antibiotic administration is war¬ 
ranted. 


Airway irritation due to particulates and irritants can result in bronchocon- 

striction. Bronchodilators such as ^agonists or phosphodiesterase inhibitors 
may relieve the bronchoconstriction. 

I \>gs with severe pulmonary congestion and productive coughing may bene¬ 
fit from nebulization and physiotherapy every 4 to 6 hours. This assists in thin¬ 
ning and clearance of airway secretions. Rarely, bronchial obstruction may occur 
as a result of airway secretions, debris accumulation, and mucosal swelling. Bron¬ 
choscopy and lavage to clear the major airways may be necessary to relieve the 
obstruction. 

Animals with corneal ulceration should have topical broad-spectrum antibi¬ 
otics applied. If miosis secondary to ciliary spasm is present, topical atropine 
duuild he administered as well. 


The majority of animals that make it to the veterinary hospital alive do well 

and survive to discharge. l\>gs that are not worse by the second day and have 
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Anemia is commonly seen and whole blood transfusions are often necessary. 
The goals of transfusion are to reduce mortality and morbidity and improve the 

functional status that results from anemia and inadequate oxygen (O 2 ) delivery. 
V hallenges in providing adequate availability of blood to meet the needs of the 

veterinary patient is often encountered. To optimize use of this valuable resource, 
we can offer guidelines in providing a transfusion hut medical judgments cannot, 
and should not, he determined solely by algorithms, flow charts, and packed cell 
volumes (PCVs). These represent laboratory values at which a transfusion i 
usually reasonable and or which no further justification is necessary. 


is 




! tie classic clinical signs of severe anemia include exercise intolerance, respira- 
tory distress, lethargy, hypotension, pale mucous membranes, tachycardia, and 
impaired consciousness. Most commonly these signs appear when the PCV is 
dangerously low. Few data are available for animals but in humans, exertional 
dyspnea does not occur until the hemoglobin concentration Hb falls to less than 
7 g/dL. 1 In another study, at Hh levels of less than 6 g/dL, only 54% of patients 
experienced tachycardia, 32% had hypotension, 35% had impaired conscious¬ 
ness, and 27% had dyspnea. 2 Levels of anemia required to produce symptoms in 
children are even more severe. Therefore, relying on clinical signs of anemia to 

guide transfusion decisions likely result in significant undertransfusion of pa¬ 
tients. Moreover, relying onclimcal signs in the anesthetized animal would obvi¬ 
ously be fruitless. 

When does one transfuse a patient? What is the transfusion trigger? These 
are questions pondered for many years. Interestingly, there are few objective data 
or obvious physiologic end points that can serve as a basis for making transfusion 

decisions. Tl e “transfusion trigger 1 " is the minimum Hb or PCV (Hh equals one- 

third PCV) value at which a red blood cell (RBC) transfusion is usually adminis¬ 
tered. One decision-making factor is the M 10/30” rule often cited in human medi¬ 
cine. The origin of this value, an Hb of 10 g/dL and PCV level of 30%, for 

receiving a transfusion has existed for many years. 3 

At rhe turn et the last century, human surgeons and anesthetists observed 


Copyrighted material 



990 Section X I Trauma 


those patients with a Hb less than 10 g/JL did not do well. In 1920, Barcroft 4 

noted that tissue oxygenation was a function of I IK oxygenation of blood by 

the lungs, and cardiac output (CO). In 1942, Adams and Lundy^ reported that 

the effects of anemia on the O r carrying capacity of blood resu t in inadequate 

transport of 0 : to the tissues. They suggested preoperative transfusion of blood 

“when the concentration of hemoglobin is less than eight to 10 grams per 100 
cubic centimeters." This is the origin of the 10/30 rule and is based solely on 
clinical experience. When they first addressed the problem of tissue oxygenation 
as a problem and then provided a Hb range, they established the basis for the 

current practice and debate. 6 Unfortunately, the 10 g/dL became dogma and 
was passed on as lore for nearly 60 years. I ntemists, hematologists, and surgeons 

supported it. The “transfusion trigger" was established as a Hb of less than 10 

g/dL. 


Between the 1940s and 1980s considerable effort was directed to improving 
our understanding of O 2 delivery (DO 2 ) and oxygen consumption (VO*) physiol' 

ogy, and at unraveling the many mysteries of O 2 use. Many of these studies 

became the basis for a physiologic rationale for transfusion therapy. 7 In vitro and 
animal studies lend support to the concept that DO 2 peaks at a PCV of 30% 8 
and 40%.* 11 During the Korean conflict data demonstrated that a patient’s vital 

signs did not deteriorate if the Hb was approximately 7 g/dL and the blood 

volume maintained. 12 


It was not until 1988 that the “10/30" nile was seriously questioned. I he 
National Institutes of Health Consensus Conference on Perioperative Red Blood 

Cell Transfusion lowered the trigger to “7/21". n This conference noted there 

was no single measure serving as an indicator for transfusion and that clinical 
judgment, expressed as risk assessment, plays a role. 14 








The level of anemia at which adverse events occur is needed to develop guide¬ 
lines for transfusion, hut data are limited. Healthy animals subjected to acute 

hemodilution, tolerate Hh levels between 3 and 5 g/dL. When the Hh is less 

than 5 g/dL, ischemic electrocardiographic signs, increased lactate production, 
depressed ventricular function, and death occur. 15,16 Chronic anemia, in theory, 
is better tolerated than acute anemia because of the opportunity for the oxy- 
hemoglohin dissociation curve to shift toward increased O 2 release (Fig. 72-1). 
Whether this is true or not is unknown. 15 

Determining the need for erythrocyte transfusion includes the etiology and 

chronicity of the anemia, the patient’s ability to compensate for decreasing (V 
carrying capacity, and tissue O 2 requirements. The animal with less than 33% 

blood loss is able to compensate for acute blood loss, but the patient with dilated 
cardiomyopathy may not be able to compensate. Loss of a liter of blood in a 

fracture site of a 50'kg dog is very different from treating an anemic Toy Pcxxlle 

undergoing adriamycin treatment for lymphosarcoma. Obviously, no RBC trans¬ 
fusion trigger will be appropriate for all patients! 
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In Equation 72-6, when a decrease in DO; is accompanied by a proportional 
increase in OER, the VO; remains constant. 

In health, the amount of 0 2 delivered to the whole body exceeds resting 
O; requirements by a factor of two to four. For example, if we assume a Hb of 

15,0 g/dL, 99% saturation of Hb with 0 2 , and CO of 5 L/min, then D0 2 will 

he 1032 mL/min. At rest, the amount of 0 2 required or consumed by the whole 
body will range from 200 to 300 mL/min. A decrease in Hb to 10 g/dL results 
in a D0 2 of 688 mL/min. Despite this 33% decrease in D0 2 , there remains a 

twofold excess of D0 2 compared with consumption. However, a further drop in 

Hb to 5 g/dL with all other parameters, including CO, remaining constant de¬ 
creases DO; to a critical level of 342 mL/min. Under stable experimental condi- 
turns, this dramatic decrease in DO; would not affect V0 2 ; however, below a 
critical level or threshold of 0 2 (DO; [critical!), V0 2 decreases with further de¬ 
creases in Hb and decreased DO;). The latter portion of this relationship indi¬ 
cates the presence of tissue hypoxia. Both laboratory and clinical studies have 
attempted to determine DO; [critical]. The most rigorous clinical study found a 
threshold value of 4 mL/min/kg, 20 whereas other clinical and laboratory studies 
found values in the range of 6 to 10 mL/min/kg. 20 2 * 

Oxygen delivery measured for the whole body is a composite for all organs, 
whose individual anaerobic thresholds may be significantly different from the 
average DO; [critical]. In addition, the anaerobic threshold and associated DO; 
[critical] values will also vary substantially with metabolic rate, 

states, and perhaps such complex factors as a patient’s age or genetic make-up. 
Once blood is oxygenated, it is distributed to all organs and tissues throughout 

the arterial tree. Organ blood flow is controlled by arterial tone in medium-sized 

vessels, which responds primarily to changes in autonomic stimulation and the 
release of locally generated vasodilating substances. Within organ systems, eryth- 
rocytes are carried into a network of capillaries where O; is released to the tissues 

through the thin walls. Once released, 0 : diffuses through the interstitial space, 

finally finding its way into cells and their mitochondria to be used in cellular 

respiration. Each of these physiologic mechanisms may be altered in disease 
states. 


some disease 


A relationship is identified between global D0 2 and V0 2 (Fig. 72-2). VO; 

appears to be both independent of and dependent on blood flow. For example, 
at a given flow, V0 2 ceases to be flow dependent and achieves a relatively steady 

state in normal, nonseptic humans. If this critical D0 2 point is assumed to repre¬ 
sent tissue perfusion, and can be identified, this information can contribute to 
the transfusion decision. 

Tissue hypoxia (and anoxia) will occur if DO; is permitted to decrease to 
a level at which tissues no longer have enough Q 2 to meet metabolic demands. 

From Equations 72-1 and 72-3, it is apparent that tissue hypoxia may be caused 
by decreased D0 2 due to decreases in either Hb (anemic hypoxia), (20 (stagnant 

hypoxia), or Hb saturation (hypoxic hypoxia). Each of the determinants of IX); 
has substantial physiologic reserves, thereby enabling the animal body to adapt 

to significant increases in O; requirements or decreases in one of the determi¬ 
nants of DO? as a result of various diseases. 
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Figure 72-2 

Schematic representation of the relationship of oxygen delivery (DOJ, oxygen con¬ 
sumption (VO ), and tissue perfusion reflected by oxygen extraction ratio (OFR) and 

lactic acid levels. Metabolism appears appropriately aerobic and adequate when VO 

is independent of 0O 2 .‘ 


2 


Two factors that reflect tissue perfusion begin to change at or near the 
critical iX 2 point: i 1 1 lactate levels increase and (2) the OER changes its slope. 

With decreased 0O 2 , global OER begins to increase. If these parameters and 

variables are indeed markers ot tissue hypoxia, their change from normal implies 
the presence of inadequate 0O 2 to the tissues. In humans it appears that these 

increase* are most useful m trauma and surgery but nor sepsi* nor acute respira¬ 
tory distress syndrome. Increases in the OER and lactate values below the critical 

int may be physiologic transfusion triggers. 

A physiologically defined end point of poor tissue perfusion appears to be 

an increase tn OER above 0.30, an increased blood lactate level, and a global 
D0 2 of less than 10 to 12 mL/kg/min in humans. These variables may improve 

with an increase in inspired 0 2 , a fluid challenge to increase preload, or other 
manipulations to increase CO. If OER, D0 2f anti lactate levels do not improve 
with these measures, then the addition of increased 0 2 -carrving capacity (eryth¬ 
rocytes or erythrocyte substitutes) is indicated. 
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In anemia, 02 -carrying capacity is decreased but tissue oxygenation is preserved 
at Hh well below lOg/dL. Adaptive responses include a shift in the oxyhemoglo¬ 
bin dissociation curve, hemodynamic alterations, and microcirculatory alter¬ 
ations. The shift to the right of the oxyhemoglobin dissociation curve in anemia 
is primarily the result of increased synthesis o 2,3-diphosphogIycerate (2,3-DPG) 
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in en r t\rocytes. h This enables more 0 2 to be released to the tissues at a given 

P0 2 , offsetting the effect of the reduced G^carrying capacity of the blood. This 
shift also occurs in vitro with decreases in temperature and pH. Because measure' 
ments of Hb 0 : saturation are generally performed on arterial specimens pro' 

cessed at standard temperature and pH* they will not reflect (^binding affinity 

and unloading conditions in the patient’s microcirculatory environment, which 

may be affected by temperature, pH, and a number of disease processes. 

The shift in the oxyhemoglobin dissociation curve because ot decreased pH 
is referred to as the Bohr effect. Because changes in pH rapidly affect the ability 

of the Hb molecule to bind 0 2 , this mechanism has been postulated to he an 

important early adaptive response ro anemia. 24 However, the equations describ¬ 
ing the physical process indicate that a very large change in pH is required to 

modify the I'50 by a clinically important amount (i.e., about 10 mm Hg). As a 

result, the Bohr effect is unlikely to have important clinical consequences. 

Several hemodynamic alterations also occur following the development of 

anemia. The most important determinant of cardiovascular response is the pa' 

dent’s volume status or more specifically, left ventricular preload. The combined 
effect of hypovolemia and anemia often occurs as a result of blotxl loss. Thus, 

acute anemia may cause tissue hypoxia or anoxia through both diminished CO 

resulting in stagnant hypoxia and decreased Q 2 -carrying capacity (anemic hy¬ 
poxia). The body attempts to preserve D0 2 delivery to vital organs primarily by 
redistributing the available cardiac output through increased arterial tone. The 

adrenergic system plays an important role in altering Hood flow to and within 

specific organs. 

The renin'angiotensin'aldosterone system is also stimulated to retain both 
water and sodium. Losses in blood volume of 5% to 15% result in variable in- 

creases in resting heart rate and diastolic blood pressure. Larger losses will result 
in progressive increases in heart rate and decreases in arterial blood pressure 

accompanied by evidence of organ hypoperfusion. The increased sympathetic 
tone diverts decreasing CO away from the splanchnic, skeletal, and cutaneous 

circulation toward the coronary and cerebral circulation. Once viral organ sys¬ 
tems such as the kidneys, the central nervous system, and the heart are affected, 
the patient is considered in hypovolemic shock. The American College of Sur¬ 
geons Committee on Trauma has categorized the cardiovascular and systemic 

response to acute blood loss according to degree of blood loss. 25 Many of t hese 

responses are modified by the rapidity of blood loss and patient characteristics 

such as age, concurrent illnesses, pre-existing volume status, and Hb, and the 

use of medications having cardiac (i.e., P-blockers) or peripheral vascular effects 

(i.e., antihypertensives). 

The compensatory changes in CO have been the most thoroughly studied 
cardiovascular consequences of normovolemic anemia. When intravascular vol¬ 
ume is stable or increases following the development of anemia, increases in CO 
are consistently reported. Indeed, an inverse relation between Hb and CO has 
been clearly established in well-controlled laboratory studies (Fig. 72-3) 

Researchers have attempted to determine the level of anemia at which CO 
begins to rise. Reported Thresholds for this phenomenon have ranged from 7.0 
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Figure 72-3 

The theoretical effect of Hb on CO. The solid curve describes this relation in a 

healthy adult human. The upper dashed line shows how the cardiac response may be 

accentuated in a young athlete; the lower dashed line might correspond to poor car¬ 
diovascular function. 17 


to 12.0 g/dL. 26 * 2 ' Two mechanisms are thought to be principally responsible for 

the physiologic processes underlying increased CO during normovolemic ane¬ 
mia: reduced blood viscosity and increased sympathetic stimulation of the cardio¬ 
vascular effectors. 2 * Blood viscosity affects both preload and afterload, whereas 
sympathetic stimulation primarily increases heart rate and contractility. Com 
pared with hypovolemic anemia, in compensation for normovolemic anemia 
the effects of blood viscosity appear to predominate. 

I he interactions between blood flow, blood viscosity, and CO are complex. 
In blood vessels, blood flow affects whole blood viscosity and, in turn, hltKxl 

viscosity modulates CO. Under experimental conditions, blood flow in a rigid 

hollow cylinder is directly related to the fourth power of the diameter and the 
driving pressure and inversely related to the cylinder length and Hood viscosity 


* 


* 


of increasing aggregation of erythrocytes. Thus, viscosity is highest in postcapil¬ 
lary venules where flow is the slowest, and lowest in the aorta w here flow is 
fastest. In postcapillary venules, a disproportionate decrease in blood viscosity 
occurs as anemia worsens and, as a consequence, venous return is augmented 
for a given venous pressure. It cardiac function is normal, the increase in venous 
return or left ventricular preload will be the most important determinant of the 
increased CO during normovolemic anemia. Decreased left ventricular afterload 

another cardiac consequence ot decreased blood viscosity, may also be an impor 

tant mechanism in maintaining CO if ventricular function is impaired. 

Anemia causes sympathetic stimulation and increased heart rate. 26 * 2v This 
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logic principles and the strong consensus in the literature, it is evident that 

cardiac function must be a central consideration in decisions about transfusion 
in anemia, because of the critical role it plays in ensuring adequate 0 2 supply 

to all vital tissues. Because high-level evidence on the interactions of concurrent 
diseases and anemia in various patient populations is lacking, an understanding 
of the physiologic consequences of anemia and of the diseases is useful hut not 
sufficient to guide transfusion practice in specific complex clinical conditions. 

Clinical and experimental investigation is required to support comprehensive 

clinical practice guidelines for RRC transfusions. 


Red hkxxl cells are administered to augment delivery of O 2 , not as a therapy for 
hypovolemia. There is a minimum Hb level for each individual below which 
organ failure will occur as a result of 0> deprivation. However, it is impossible 
to determine this level clinically and establish a specific erythrocyte trigger. The 

Hb value is not the only factor to consider when deciding whether erythrocyte 
administration is indicated. Other determinants of tissue DO* are the inspired 
Oi concentration (FIO 2 ) and pulmonary gas exchange. Tissue VO 2 must also be 

considered. 

Erythrocytes are not infrequently transfused to promote wound healing and 

“well-being.” However, animal studies, confirmed by observations in postopera¬ 
tive human patients, indicate that normovolemic anemia is not detrimental to 
wound healing. The critical hematocrit at which anemia may influence tissue 

repair appears to be approximately 15%. 

Hemodilutton is used in anesthetized patients continuously monitored to 
ensure normovolemia and adequate oxygenation. An increased FIO 2 is ordinar¬ 
ily administered. In addition, VO 2 is usually decreased during a properly con¬ 
ducted anesthetic. These conditions do not usually persist beyond the operating 
room. 


In chronic anemia, the patient’s symptoms must be considered. When ane¬ 
mia develops slowly, several physiologic adjustments occur. Delivery of O 2 be¬ 
comes more efficient due to a rightward shift of the oxyhemoglobin dissociation 
curve. This shift begins at Hb levels of approximately 9 g/dL and is prominent 

below 6.5 g/dL. It isdue primarily to increased synthesis of 2,3-DPG. An increase 

in 2,3-DPG is unlikely to occur in acute blood loss as this requires 12 to 36 

hours. The CO increases as the Hb falls. The increase in CO occurs primarily 

as a result of decreased viscosity secondary to reduced erythrocyte mass. The 

exact level w here i 3 increases varies among individuals and in humans is influ¬ 
enced by age. No change is usually seen until the Hb is below' 9 g/dL. In some 
patients, CO does not increase until the Hb falls below 7 to 8 g/dL. In normal 

adult humans, tin* increase in CO is due primarily tit increased stroke volume. 

In patients with impaired ventricular function, as well as in children, increased 
heart rate assumes a more important role. 

When all the studies, clinical experience, and individual options are consid- 
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ercd, ir is difficult to improve on the statement of the National Institutes of 
Health Consensus Development Conference on perioperative erythrocyte trans¬ 
fusion 15 : 


No single measure can replace ;o< >d clinical judgement as the basis for decisions 
regarding perioperative transfusion. However, current experience would suggest 
thot otherwise healthy patients with hemoglobin values of 10 g/dl or greater 
rarely require perioperative transfusion, whereas those with hemoglobin values 
less than 7 g/dl will frequently require transfusion of erythrocytes.” 


u 














Beginning in the 1960s, the military' and private companies sought to develop a 
substitute for erythrocytes. The goal was principally ro duplicate the 0 2 -carrying 

capacity of Hb. Such a substitute promises to improve the shelf-life over erythro- 

cytes, no need for compatibility testing, and therefore immediate availability, 

and improved safety. 

One Hb solution is available for clinical usage in veterinary' medicine. Oxy- 
globin (hemoglobin glutamer-200 [bovine]) is an ultrapurtfied, polymerized Hb 
solution of bovine origin < 13 g/dL) in 

stable for at least 2 years when stored under ambicnr temperatures (2°-30 < ). 

saturation pressure (P50) of Oxyglobin is 38 mm Hg (normal dog P50 
30 mm Hg). This means it has a greater efficiency of releasing O* to the tissue 

reported by the manufacturer 


mollified Ringer’s lactate solution. It is 


The O 
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relative to Hb in the erythrocyte. 

to be dose dependent and typically 30 to 40 hours at 30 mL/kg in healthy dogs 

In a multicenter clinical trial in dogs with moderate to severe anemia 
23%), blood loss, hemolysis, or ineffective erythropoiesis, Oxyglobin showed 
positive treatment success. 4 * Unfortunately the definition of “success” was de¬ 
fined as not requiring additional O r carrying support for 24 hours. Because the 

half-life exceeds 24 hours, it is no 


a 


a 


Very likely these animals required an erythrocyte transfusion as the Hb associ¬ 
ated with the RBC has a longer duration of effect. 

Oxyglobin in serum may cause art if actual increases or decreases in serum 

chemistry results. In general, all tests using colorimetric techniques are invalid. 
Additionally, urine dipstick measurements for pH, glucose, ketones, and proteins 
are inaccurate due to the gross discoloration of the urine. 

When compared to whole blood, Oxyglobin’s tissue 0 2 tensions in the mus¬ 
cle of dogs is increased compared to stored or fresh erythrocytes. 43 In a study on 
cats, Oxyglobin solution and aut< logousblood were equally effective in restoring 
0> transport variables, including heart rate, arterial and venous 0 2 content, 0 2 

extraction, and blood gases. 

Currently, there are advantages to use of Oxyglobin in the crisis setting. 

The substance is readily available, has an excellent shelt-life, provides 0 2 - 

carrying capacity in anemia, and improves O z transport variables. Drawbacks to 
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Thoracic injury is frequently noted following trauma in small animals. Blunt 

force injury to the chest can produce cardiovascular lesions including myocardial 

contusion, pericardial tear, interatrial and interventricular septal perforation, 

and ca> liac rupture. Penetrating injuries to the myocardium of small animals 

in clinical veterinary medicine. Primary cardiac injury is not a prerequi- 
site for injury-induced myocardial dysfunction. Autonomic imbalance, ischemia, 
reperfusion injury, electrolyte derangements, and acid-base abnormalities may 

all account for arrhythmias in traumatized animals. 

The first reports in the human literature of myocardial injury secondary to 

blunt thoracic trauma appeared in the 1920s. 1 * 2 The next 70 years produced nu¬ 
merous papers and editorials that discuss the classification, incidence, diagnosis, 

clinical significance, and need for treatment. Cost-cutting efforts in our human 

health care system have resulted in strong disagreement concerning the diagnosis 

and treatment of myocardial injury.** 4 Most clinicians still question whether we 
know the incidence and clinical significance of myocardial injury caused by blunt 
thoracic trauma. It is theorized that the true incidence of myocardial injury may 
be higher than that reported because of lack of recognition and pre-hospital 
death. 
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Thoracic trauma is common in dogs injured by automobiles. 


Current! v, the 

exact mechanism of cardiac injury following trauma is unknown but most likely 
remains mulrifactorial in origin. Research in humans has shown that a direct 

thoracic blow can result in up to a 50% alteration in thoracic diameter. 1 The 
elastic nature of the thorax subjects its contents to compressive, concussive, and 

The severity of injury caused by trauma is affected by 


penetrating injuries 

the rate and magnitude of the impacting force and the volume of soft tissue 

absorbing that force. 119 Other factors influencing the severity of injury include 

the position of the animal relative to the direction of the traumatic force and 

whether or not the animal is aware of the imjjending event and is able to initiate 


19 


a protective response 

The most common mechanism of compressive cardiac injury in dogs is sec¬ 
ondary to lateral chest compression. 5,11 It has been proposed that distortion of 
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the thoracic cage results in a rise in inrrathoracic and intracardiac pressures that 

causes shearii'ig stresses within the myocardium powerful enough to result in 

contusions. Pandian et al. 14 measured intracardiac pressures before, during, and 

after cardiac trauma. They found significant increases in left and right end* 

diastolic pressures and decreases in left ventricular systolic and aortic pressures 
following myocardial injury. Although these intracardiac pressure changes were 

significant, they did not result in significant changes in peripheral pressures. 14 

Rapid elevations in blood pressure during chest and/or abdominal compres¬ 
sion have also been suggested to result in shearing injury to the myocardium. 

In addition, the suspended position of the heart within the thoracic cavity sub 
jects it to potential concussive injury from forceful contact with the ribs, ster 

5 . 7 . 11 . 1 ) 


7,22 


num, and vertebrae when rapid acceleration or deceleration occurs. 

Other conditions associated with trauma and shock (metabolic acidosis, 


hypoxia, and catecholamine release) can injure the myocardium and predispose 
the heart to the development of arrhythmias. 6 " 8,11 Neurogenic injuries have also 
been implicated as a cause of myocardial injury and arrhythmias. 6,1 * Experimen¬ 
tally, myocardial injury may be related to excessive sympathetic stimulation. 6,1 * 

This observation is supported by noting a similar distribution of myocardial in¬ 
jury and the anatomic distribution of the adrenergic nerve supply to the heart. 

Injury to the right ventricle may indirectly play an important role in the 
development of functional abnormalities of the left ventricle. 1 Direct injury to 
the right ventricle results in decreased ejection fraction and increased afterload. 
This results in a leftward shift of the interventricular septum. 1 The septal shift 
markedly decreases the preload and compliance of the left ventricle, resulting 
in depression of left venrricular ejection fraction and impending pump failure. 1 


6,18 






(See Chapter 31.) 


Pandian et al, 14 correlated histopathology areas with areas of injury found 
during echocardiographic examination in 25 dogs with induced blunt chest 
trauma. In this model, the impact was randomly delivered to either the right or 

left thorax and resulted in different areas di myocardial injury. When the trauma 
was delivered to the left side of the chest, abnormalities were located primarily 
in the craniolateral wall of the left ventricle; right-sided chest trauma produced 
septal and right ventricular wall damage. Pathologic findings were characterized 
by localized edema, ecchymosis and intramyocardial hematoma formation. No 

evidence d injury to the valves or coronary arteries was identified on gross patho¬ 
logic evaluation. The area of myocardial contusion was often transmural, with 
the epicardial surface being more severely affected. 14 

Multiple clinical reports have described similar gross and microscopic 
pathologic findings following traumatic injury to the heart. 1A15,22 ' 24 Radioactive 

labeled microsphere perfusion studies have shown that regional myocardial blood 
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inias at a dose of 6 to 8 mg/kg given over five minutes. This drug can also be 

administered as a constant rate infusion of 25 to 50 |ig/ kg/minute. 

Some ventricular tachyarrhythmias appear to be adrenergically mediated 
and thus will respond to intravenous administration of a short-acting (5-blocking 
drug like esmolol (0.1-0.5 mg/kg slowly over 5 minutes). If this controls the 
arrhythmia, oral administration of propranolol (0.3-1.0 mg/kg PO q8h) may be 

used. 


Magnesium chloride (25-40 mg/kg intravenously) may be used to control 

refractory ventricular tachyarrhythmias. The drug is diluted in saline and admin¬ 
istered over 20 to 60 minutes. Synchronized DC cardioversion (0.5-1 J/kg) after 

heavy intravenous sedation can be considered in hypotensive patients with rapid 
ventricular rhythms that do not respond to drug therapy. 

Dogs that have been properly volume expanded but remain in a state 
of low cardiac output without an arrhythmia require inotropic support. While 

inotropic drugs have been associated with injury extension in under-perfused 
myocardium, normal blood flow to contused myocardium has been demon¬ 
strated and should preclude further injury secondary to use of this class of 

drugs. 


1.14 


Animals with a suspected myocardial injury often require anesthesia for 

correction of other injuries. If a patient with a myocardial injury must undergo 
anesthesia, drugs should be selected that are least likely to induce arrhyth- 


3 . 7.45 


m tas. 




The clinical significance of myocardial injury is controversial. A literature search 
revealed no prospective studies that investigated the incidence, severity, and 

need for therapeutic intervention of traumatic myocardial injury in dogs. While 

the advent of noninvasive technologies may assist in diagnosing these injuries, 

the search for a single, noninvasive diagnostic modality to derect myocardial 

injury is not concluded. For now, the diagnosis of myocardial injury will rely on 
an organized approach that uses multiple diagnostic modalities. In the future. 

the application of immum diagnostics such as the troponin assay may assist in 

early identification of myocardial injury in dogs and provide clinical information 
regarding expected outcome. 
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served for use in severe, life-threatening envenomations and must be given as 

soon as possible, that is, within 30 to 60 minutes of the bite 
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There are 10 species of brown recluse spiders in the United States and most 
are found in the southern and midwestem states. Six species are known to cause 
necrotic arachnidism in humans. 2 Loxosceles reclusa has the widest distribution. 
These spiders are nocturnal. Brown recluse spiders are small spiders (10-mm body 
with thin 25-mm legs). 9 These spiders vary in body color, but most are brown 
with a violin-shaped marking on the dorsal surface of the cephalothorax. Brown 
recluse spider^ can be found outdoors under stationar objects, such as woodpiles 

and rocks, ITiey can also be found indoors and often inhabit basements and dark 
undisturbed areas of buildings. 

Bites from brown recluse spiders are noted for their dermonecrotic effects 
rh.it result in a slow-healing ulcerative lesion. Most bites from brown recluse 
spiders that affect humans are often unnoticed, are painless, or are associated 

with a mild localized stinging sensation. 310 The venom involved is a complex 
blend of protein toxins that include sphingomyelinase D, an enzyme responsible 

for dermonecrosis and hemolysis. 39,10 The site of the bite may become red with 

a blanched center and the lesion may be pruritic. Within a few hours, a blister 

(hemorrhagic vesicle) may form. In humans, a cyanotic bulla or ecchymosis sur¬ 
rounded by blanching and edema (“halo” lesion) often develops and spreads 
peripherally. After 7 to 14 days, pain at the site of the bite may be present and 

the bulla may rupture, creating a central eschar that develops into a necrotic 

ulcer. 2 Similar lesions may occur in animals and complete healing may require 
8 or more weeks. 7,11 Systemic effects to bites from these spiders are rare. Systemic 
involvement inc udes fever, vomiting, diarrhea, hematuria, hemoglobinuria, ic¬ 
terus, convulsions, coma, and death 

The diagnosis of a brown recluse spider bite is based on the presence of the 
spider and appropriate clinical signs and lesions. Most diagnoses are presumed. 

Routine wound management for the bite and prophylactic antibiotics are 
usually indicated. If the bite is recognized early, the area can be infiltrated with 
2% lidocaine solution. Fluid therapy for shock and hypotension should be pro¬ 
vided to those animals with systemic manifestation of bites. Surgical excision of 
necrotic tissue can be performed with chronic lesions. Dapsone is frequently 
recommended in the treatment of these bites in humans because it inhibits neu 

crophil activity. 2 Studies with guinea pigs and rabbits using dapsone in the treat 

ment of brown recluse spider bites arc inconclusive 

serious complications, such as hemolysis, aplastic anemia, agranulocytosis, hyper 
sensitivity, and toxic epidermal necrolysis can occur with dapsone treatment 


In human medicine 
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Scorpions are typically brown in color and have a flat body with eight legs. 

They have two lobster-like pincers and a segmented tail. The tail is usually held 
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upward and forward over the body an terminates in a venomous stinger. A 

pair of poison glands at the base of the stinger produces the venom. There are 
approximately 40 types of scorpions in North America; however, the sting of 
most is painful, but not fatal to humans and their pet dogs and cats. Scorpions 

rhat live in the arid southwestern United States, especially Centruroides sculptura- 

rits, tend to he the most dangerous. C. scuipturatus, called the bark scorpion, is 

approximately 1.5 inches long and has a yellow cephalothorax, a tubercle at the 
base of its stinger, and slender pincers. 11 The end of the tail contains a curved, 
hollow stinging apparatus for injecting the venom. This scorpion is nocturnal 

and hides in moist, cool areas, such as under rocks, bricks, and wood, during the 
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The incidence of scorpion stings involving domestic animals is unknown 

because the lesions rarely require medical care and are difficult to differentiate 

from wasp and bee stings. The stings by most North American scorpions do not 

produce a major medical concern. Localized erythema, edema, and pain that 

subside in a few hours characterize most scorpion stings. Scorpion venom is a 
complex, water-soluble, antigenic poison made of mucopolysaccharides, hyal- 
uronidase, phospholipase, serotonin, histamine, protease inhibitors, histamine¬ 
releasing factors, and neurotoxins. 14,15 The neurotoxin is the more medically sig¬ 
nificant component of scorpion venom. More severe envenomation, such as 

those from C. sculpturatus , may cause an excitatory neurotoxicity. The neurotox¬ 
ins in the venom of C. scuipturatus activate the sodium channels causing pro¬ 
longed action potentials, depolarization of the presynaptic terminal, and sponta¬ 
neous overstimulation of the sympathetic and parasympathetic nervous 

system. 2,15 


The clinical signs of parasympathetic involvement of envenomation by C. 

scuipruratus include constricted pupils, hypotension, bronchial constriction, 
bradycardia, atrioventricular block, and cardiac arrest. 2,1 Parasympathetic stimu¬ 
lation also leads to excessive lacrimation, bronchial secretions, urination, defeca¬ 
tion, and salivation. 11 Hypertension, bradycardia, vasoconstriction, pulmonary 

edema, and hyperglycemia (inhibition of insulin) are indicative of overstimula- 
tion of a-receptors of the sympathetic nervous system. 2,11,16 Overstimulation of 

P-receptors is indicated by hypertension, tachycardia, arrhythmia (cardiac excit¬ 
ability), vasodilation, and bronchial relaxation. 216 Mydriasis and piloerection 
also indicate sympathetic involvement. 11,16 Death can result from respiratory fail¬ 
ure, cardiac conduction disturbances, and severe hypertension. Severe reactions 
to scorpion stings mat resemble organophosphate toxicity or respiratory dis¬ 


tress. 


The hemodynamic effects of scorpion envenomation occur in two phases, 

the inotropic phase and the hypokinetic phase. 1419 The first phase is indicated 
by increased systemic vascular resistance,, blood pressure, and left ventricular 

contractility. Therefore, vasodilators (i.e., prazosin and captoprol) are indicated 

tor t re treatment of the first phase of the hemodynamic effects of scorpion enven¬ 
omation. The second hemodynamic phase of scorpion envenomation is indicated 

by hypotension, shock, and impaired ventricular contractility. This phase re- 
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fire ants do not denude the vegetation associated with their mounds, victims of 

tire ant stings often do not realize that they are standing in the middle of a fire 
ant mound. 21 


The venom in stings from Hymenoprera insects contains a mixture of en¬ 
zymes, peptides, and biologically active amines. Each type of insect venom is a 
unique mixture of these chemicals. The venom trom bees and wasps is primarily 

made of proteins (i.e., phospholipase A^, hyaluronidase, mast cell degranulation 

peptide, acid phos| hatase, histamine, me tin, and apamin). 22 2 * The hyaluroni¬ 
dase, histamines, and hemolysins in bee venom cause toxic and hemolytic effects 
in dogs. 21 * 2 * Venom from fire ants is 95% peperdme alkaloids and 5% protein 

(with bactericidal and fungicidal properties) 


2i.:: 


insects can range from m»i.! 
to severe depending on the type of venom, location of the sting, number of 

stings, and sensitivity of the animal receiving the sting. Most lesions caused by 
insect stings are located on exposed areas of the head and feet because dense 
fur protects animals from insect stings. Stings on the mouth and tongue are 
common. Small, localized areas of erythema associated with pain are the most 
common lesions presented to veterinarians. Larger local reactions are associated 
with immunologic responses. Hxamples of such reactions would he facial or limb 

swelling associated with an insect sting. These lesions can persist for days. In 

dogs, fire ant stings often produce local reactions with swelling and erythema 

developing at the site of each sting within 15 minutes. 26 The lesions develop 

into bright erythematous pruritic papules within 6 hours. The site of the stings 
appears normal after 24 hours in most cases. These lesions differ from those in 

humans where pustules at the site of the fire ant sting may persist for several 

days. The formation of urticaria indicates a superficial systemic allergic reaction 
to the insect sting. 

Anaphylaxis is a severe systemic allergic (antigen-induced IgE-mediated) 
reaction to insect stings where release of chemical mediators damage bl< 

sels and smooth muscles. Symptoms at anaphylaxis will occur within 15 minutes 
of the stinging incident. Anaphylaxis in dogs is indicated by swelling at the 
site of the sting, vomiting, defecation, urination, muscular weakness, respiratory 
depression, and convulsions. 22 Death in dogs may occur within an hour of the 

onset of clinical signs. Anaphylaxis in cats is indicated by pruritis, dyspnea, sali¬ 
vation, incoordination, and collapse. The lung is the shock organ of the cat, so 
anaphylaxis produces pulmonary hemorrhage and edema. 22 Massive envenoma- 
rion from insect stings may cause the animal to become depressed and febrile. 
This systemic toxic reaction to the stings may result in clinical signs of neurologic 

involvement (i.e., ataxia, facial paralysis, and seizures) or hemorrhagic disorder 

(i.e., dark brown vomitus, hematuria, and bloody feces). 

The diagnosis of insect stings is usually made following a witnessed insect 
attack. Most dogs or cats stung by insects are not presented for veterinary* care. 

Insect stings must be differentiated from punctures, snakebites, abscesses, and 

other lesions that may resemble a sting. 

The majority of insect stings that result in small local reactions will resolve 
without treatment. The stinger of bees should be removed quickly and applica- 
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tion of a cold compress may provide local comfort. Topical and oral analgesics 

such as nonsteroidal drugs, may nelp to relieve the discomfort associated with 
a sting. Antihistamines and corticosteroids may be used in stings causing pruritis 
or urticaria. The pustules caused by fire ant stings usually resolve without treat' 
merit. 




Insect stings associated with severe local or systemic immunologic reactions 
should be treated with aggressive fluid therapy, antihistamines (e.g., diphenhy- 

dramine at 2-4 mg/kg, IM, bid), epinephrine (IM or SQ), and possibly corticoste¬ 
roids (e.g,, prednisolone at 1 mg/kg, bid tapered over a 5-day period). Anaphy 
laxis should be treated quickly. Epinephrine (0.5-1.0 mL of a 1:1000 solution) 

should be given subcutaneously and repeated at 10- to 20-minute intervals. 
If it is necessary to give epinephrine intravenously, it should be diluted to a 

1:10,000 solution. Shock volumes of intravenous crystalloid fluids are needed 

to combat the vascular collapse. 










Biting flies rarely cause reactions in dogs and cats that require veterinary 
medical attention. I lies that are capable of inflicting serious bites include black 
flies (family Simuliidae), horseflies ( Tabartus ), and deer flies (Chrysops). 

Lesions associated with fly bites vary from the more common mild local 
wheal or papule to rare systemic reactions. 27 Bites from black tlies tend to concen¬ 
trate on he hairless skin of the head, abdomen, eats, and legs, lie resulting 

papules, crusts, and ulcers arc often intensely pruritic. Bites from horseflies and 
deer flies are less severe. 

Most reactions to fly bites will resolve without treatment in a few hours. 
Local analgesia can be u^e to relieve some of the discomfort. Large local lesions 
are likely associated with an immune reaction and may be treated with antihista¬ 
mines and corticosteroids. 
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Gila monsters are large (18-24 inches or 46-61 cm), heavy-bodied lizards. 
They have short stout legs and a thick tail. They have small beadlike scales on 

the back with spots of black and yellow, orange, or pink. The face is black. The 
related Mexican headed lizard is similar in appearance to the Gila monster. T hese 

lizards live in arid and semiarid regions in the southwestern United States and 

Mexico. They are primarily nocturnal and nonaggressive. 

Envenomations from these lizards are rare. They have modified saliva) v 
glands lying along the underside of the lower jaw that produce the venom. The 
venom is not injected like that of a snake, but flows into the open wound via 

grooved teeth as the lizard chews. The I fcltKkmm venom contains <i neurotoxin 
hyaluronidase, vasoactive peptides, and arginine esterases. 11 The venom also con 
tains a heat-stable, none hoi inergic, nonhistaminic smooth muscle-stimulating 
factor. 
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Young prmuitcs appear to be bom with only three inborn fears 

of failing , snakes, and the dark, 

Carl Sagan 
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Snakes first appeared in the late Cretaceous period; venomous snakes 

evolved about 50 million years later in the Miocene epoch. Nearly 3000 species 

of snake exist and about 10% to 15% of these are venomous. They inhabit all 
types of terrain, including fresh and salt water, and are active during both day 

and night. Their inability to raise their body temperature above ambient levels, 

however, restricts their activity to a fairly narrow range, about 25° to 35°C (77°- 

95°F). All snakes are carnivorous, and the venom apparatus evolved for the 

purpose of obtaining food. The toxin and toxic apparatus are quite varied from 
class to class. For example, the rattlesnake has modified salivary glands and max¬ 
illary teeth and uses this system primarily to obtain food. 

Most venomous reptile injuries are considered emergencies and require im¬ 
mediate attention. The purpose for this chapter is to acquaint the veterinarian 

with reptile envenomations from reptiles found in the United States. 




! 




Two principles should be kept in mind in the identification of venomous snakes; 

(1) only experts should handle live snakes, and (2) even dead snakes can en- 

venomate careless handlers. It is not difficult to differentiate between pit vi¬ 
pers and harmless snakes (Fig. 75-1). Pit vipers, as their name implies, have a 

characteristic pit found midway between the eye and the nostril on both sides 

of the head. This pit is a heat-sensitive organ that enables the snake to locate 
warm-blooded prey. Other identifying characteristics of the pit viper include a 

triangular-shaped head, the presence of an elliptical pupil, the arrangement of 
subuiudal plates, the tail structure, and the presence of fangs (Fig. 75-2 \ Al¬ 
though characteristic, they may he inconsistent. An individual’s characteristic 

will vary with the age of the snake, time of the year, and the condition of the 

tail and mouth parts. One should never attempt to identi pit vipers by color 
or skin patterns. 

Coral snakes can be readily identified by their color and partem (Fig. 75-3). 

At first glance they resemble one of several varieties of kingsnake found in the 
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Figure 75-1 

Identification of venomous snakes. 


southern United States. The coral snake can be differentiated from the kingsnake 

by two characteristics: (1) the nose of the coral snake is black, and (2) the red 

and yellow bands are adjacent on the coral snake but separated by a black band 
on the kingsnake. The popular rhyme in the identification of the coral snake 

goes as follows: 


Figure 75-2 

Prairie rattlesnake in a strike posture. 
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dae, or true vipers, are represented by Russell's viper, i he puff adder, the Gab 

viper, the saw-scaled viper, and the European viper. The Crotalidac or pit vipers 
are sometimes considered a separate family or a subfamily of the Viperidae. The 
Elapidae and l Jrotalidae contain the venomous snakes seen in the United States. 
Among the pit vipers are found the most common American venomous snakes, 
such as rattlesnakes, water moccasins, copperheads, hushmasters, and the fer-de- 

lanceT* 
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Snake venoms are highly complex mixtures of at least 8 to 30 identified 
active components consisting of neurotoxins, hemotoxins, cardiotoxins, cryotox- 
ins, and others; the exact composite is species specific. 4 The primary function 
of reptile venotn is directed toward the rapid and effective procurement of food. 
A significant number at individual peptides and proteins in the venom of pit 
vipers act as predigestants and thereby initiate the chemical breakdown of prey 

prior to actual ingestion. 5 Fit viper envenomations are classically associated with 
hematologic sequelae but also contain variably active neurotoxic components. 
Similarly, coral snakes (and elapid venoms in general) are predominantly neuro¬ 
toxic, but also possess cardiotoxicity. 

The toxic components of snake venom can be classified into four broad 
categories: enzymes, polypeptides, glycoproteins, and compounds of low molecu¬ 
lar weight. These components can also be classified as protein and nonprotein 
compounds (Table 75-1). Proteins, which account for most of the toxic manifes¬ 
tations, make up 90% to 95% of venom. These manifestations or symptoms can 

generally be classified as local or systemic. 4 

Toxic effects of various venoms result from combined effects of enzymes. 


5 


Identified 


Venoms 1 




Nonprotein components I 5%-10% 


Metals 


Copper, zinc, sodium, magnesium 

Giycine, valine, isoleucine 

Pyroglutamylpeptide 

Adenosine, guanosine, inosine 
Neutral sugars, sialic acid 
Phospholipids, cholesterol 
Spermine, histamine, serotonin 
90%-95% 

Proteolytic enzymes, collagenase, phospholipase-A, 

nucleotidase, hyaluronidase, acetylcholinesterase, 
amino acid oxidase 

Crotoxin, cardiotoxin, crotamine 


Free amino acids 


Peptides 


Nucleosides 
Carbohydrates 
Lipids 

Biogenic amines 

Protein components 

Enzymes 


Polypeptides 


Copyrighted material 







































































Hidden page 



Hidden page 



Reptile Envenomations I Chapter 75 

ciently venomous to be a hazard to humans (and animals) and they are divided 

into two major taxonomic groups. The first is the Crotalidae, or pit vipers, which 
accounts for nearly 99% of all envenomations. This group contains the rattle¬ 
snakes (genera Crotaius and Sisrrums) and moccasins (genus Agkistrodon), the 

latter including the copperhead and the cottonmouth. Nearly all fatalities in 
humans are assiKiated with rattlesnakes; the majority are associated with the 
eastern diamondback (Crotalus adamanteus ), the largest North American pit vi 
per and a species capable of delivering up to 700 mg venom with a single bite. 

The coppei I iead (Agkistrodon contonix) by contrast, is regarded as possessing che 

least virulent venom of native pit vipers; yet it is a species most often implicated 

in human envenomations over its broad range. 18 * 20 C linical reviews in human 

medicine support a general “dry bite” rate (no evidence of clinical envenoma- 

tion) in North American pit vipers of about 20% to 25%, ascribed in part to 

the snakes control over venom injection. 

The second major group of vt nomous North American snakes are represen¬ 
tatives of the family Elaptdae, the eastern (Micrurus/uiutus) and western (Micru- 

roides euryxaruhus) coral snakes, wuh such notorious Old World members as co¬ 
bras. kraits, and all of Australia's land based venomous fauna. The eastern coral 
snake is responsible tor many serious envenomations, whereas the western species 
has not bei n linked with medically significant sequelae. Historically, these 
snakes have been credited with a more crude, “less efficient” envenomation appa¬ 
ratus than their pit viper counterparts, with a corresponding dry bite rate of 2S% 

to 40%. 2 ' This should not belie the fact that these reptiles will aggressively and 

energetically defend themselves when threatened 

The Gila monster (Helodenna suspectum) (Fig. 75-4) is native to portions 

of the American Southwest; it and the closely related beaded lizard (HeJoderma 

horndum) arc the only two species of venomous lizard in the world. Unlike pit 

vipers and coral snakes, these animals have a constant tlow of venom from lower 
jaw glands into their saliva; any tissue contact may result in an envenomation. 

I he reported rate in humans is 70%. 
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Figure 75-4 

The reticulated Gila monster, Heloderma suspectum. 
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Figure 75 

Severe facial swelling following rattlesnake envenomation in a dog 


ou$ edema surrounds the bite, begins early (10-20 minutes), and becomes quite 

diffuse. Most authorities agree that if specific signs are absent 30 minutes after 

the bite, envenomation is absent or minor. 9,1 * Interestingly, compartment syn¬ 
dromes have not been descrit)ed even with severe edema m humans. With bite 
wounds to the extremity, the circumference at the site of the bite and adjacent 

area should be measured and recorded. These data aid in objectively estimating 

both the spread of the venom and effect of the antivenin. Petechia, ecchymosis, 
and serous or hemorrhagic bullae are other local signs (Fig. 75-6). 


Figure 75-6 

tdema and ecchymoses in the buccal mucosa of the dog seen in Figure 75-5 
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reactions; however, a purified form lias not been introduced for clinical use. 

Ovine and avian Fab products have recently been investigated and these essen- 

tially remove the danger of allergic response to equine products/ 7,4 * An ovine- 

based antivenom for Micrurus (coral snake) species is under development in the 

United Kingdom. This substance will neutralize both neurotoxic and cardiotoxic 

components of the venom. 25 The potential for effectively treating envenomation 

without repercussion of allergic reaction could dramatically change current ther¬ 
apeutic methodoK)gy. Unfortunately, the expense involved with the newer Fab 

antivenoms will preclude use in domestic animals for the foreseeable future. 






Considerable debate among veterinarians still rages regarding appropriate 

adjunctive treatment in snakebite. Unquestionably, IV crystalloid administra¬ 
tion is indicated to avert onset of shock. The controversies develop when one 
discusses use of antihistamines, corticosteroids, and dimethyl sulfoxide (DMSO). 

The concern in the use of antihistamines is their potential for inducing 

hypotension. Because hypotension is a hallmark sign of envenomation, one 
should follow the principle that IV fluid therapy is begun and then antihista¬ 
mines can be administered. 1 lie tissue injury associated with envenomation 
surely induces release of histamine and thus the rationale for their use. Interest¬ 
ingly, use of antihistamines in human medicine seems more for prophylaxis be¬ 
fore administration of antivenin. In the study by Hackett and colleagues, 15 55% 

of the dogs bitten by a rattlesnake received antihistamines as part of their ther¬ 
apy. No adverse responses were noted. An interesting secondary effect of the 
antihistamine is that it will make the animal drowsy and this may allow the 
animal to rest more comfortably. 

Corticosteroids were administered to 83% of dogs bitten by a rattlesnake. 

Again, no adverse responses were reported. As mentioned above, PLA 2 is a key 

enzyme in inflammation and is present in snake venom. Interestingly. PLA : can 

be inhibited by corticosteroids (dexamethasone). 

There is little available literature to refute use of corticosteroids. In rodents, 

corticosteroids are of no help and may even be harmful.'' Although it is tempting 

to hypothesize that rodents, being natural prey of pit vipers, may have a naturally 

selected immunologic defense mechanism that is impaired by corticosteroids, no 

such situation likely exists for the dog. cat, or human. The only two studies 
examining the use of corticosteroids in dogs provide equivocal results but there 
is no evidence of a detrimental effect. 51,52 Currently there seems to be little evi¬ 
dence to support the use of corticosteroids in snakebite. Unfortunately, the use 
of corticosteroids is so ingrained in some treatment regimes that they are likely 
given only under the old guise that “no dog should die without the benefit of 

the administration of a corticosteroid*! 

Dimethyl sulfoxide is often used in veterinary medicine under rhe pretense 
of reducing tissue edema. Little objective data are available to substantiate this 
fact. Of greater concern is that DMSO can increase absorption or venom and 
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Ethylene glycol is one of the most common, and frequently fatal toxicants en- 
countered in veterinary medicine. Several studies indicate that mortality esti- 

mates as high as 70%. 1 Ethylene glycol constitutes the main ingredient (95%) 

of most brands of antifreeze* as well as being® component of many paints, wind' 

dueld wiper fluids, ,mj polishes. The low minimum lethal dose (1.4 mL/kg in 

the cat, and 4.4'6.6 mL/kg in the dog), easy accessibility (i.e., garage floor, spills), 
palatability, and lack of owner awareness all help contribute to the prevalence 

of this intoxication. 1 


i 




Ethylene glycol is rapidly absorbed from the stomach with peak plasma levels 

occurring 2-3 hours after ingestion. Approximately 50% of the ingested compound 

i> excreted unchanged in the urine. Ethylene glycol causes symptoms of gastroin¬ 
testinal anti central nervous system (CNS) toxicity (depression, ataxia, and vom¬ 
iting). But it is the hepatic metabolism of ethylene glycol to toxic by-products 

rhat accounts for the severity ot patient presentation and the rapid progression 

to death. Ethylene glycol is first converted to glycoaldehyde by the enzyme alcohol 

i Iehydrogenase (ADH) (Fig. 76-1). This is the rate-limiting enzymatic step and 

serves as the target for specific antidote administration. ADH requires nicotin¬ 
amide adenine dinucleotide (NAD) as a cofactor. Aldehyde dehydrogenase, an¬ 
other N A D-req u iri ng enzyme, converts glycoaldehyde to glycolic acid. Glycolic 
acid is then converted into glyoxalic acid by the enzyme lactate dehydrogenase, 
and further metabolism of glyoxalic acid prcxluces oxalic acid, glycine, and formic 

acid, 2 Oxalic acid combines with calcium in the blood to form a soluble calcium 

oxalate complex. This complex is filtered by renal glomeruli, and subsequently 
forms predominantly monohydrate calcium oxalate crystals in the urine. 1 

Ethylene glycol and glycoaldehyde are direct t 'NS depressants; the accumu¬ 
lation of toxic metabolites disrupts glucose, serotonin, and amine metabolism 
to the brain. 2 Elevated plasma concentrations of glycolic acid results in severe 
metabolic acidosis (the pi 1 of a 2% aqueous solution of glycolic acid is 2.16). 
The accumulation of glycolic acid and oxalic acid leads to a significantly elevated 

anion gap. 
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Figure 76-1 

Metabolic pathway of ethylene glycol. 
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The emergent presentation of a dog or cat suffering from ethylene glycol intoxi¬ 
cation varies with the amount ingested and time elapsed since ingestion. The 
severity and progression of symptoms mirror the metabolism of the parent com¬ 
pound. 


Three phases are used to describe the progression of symptoms. During the 
first phase (30 minutes to 12 hours alter ingestion animals appear obtunded and 
are often ataxic with muscle fasciculations, and decreased withdrawal and 


righting reflexes. Hyperosmolar serum results in an osmotic diuresis and stimu¬ 
lates thirst such that animals are dehydrated, poly uric, and polydypsic. These 

symptoms correspond to the presence of the parent compound and gtycoalde- 
hyde, whose plasma concentration peaks approximately 6 to 12 hours after expo¬ 
sure. CHS signs usually abate toward the end of phase one as the ethylene glycol 

and glycoaldehyde are further metabolized or excreted. 

Animals entering the second phase (8-24 hours after ingestion) demon¬ 
strate mental dullness, anorexia, and pulmonary congestion. c Yten the only clin¬ 
ical signs of phase two intoxication are tachypnea and tachycardia. 

Phase three symptoms (24-72 hours after ingestion) are indicative of acute 
oliguric renal failure; animals exhibit signs of uremic gastritis (anorexia, vom¬ 
iting, ptyalism, oral ulceration), severe acidosis with an elevated anion gap, azo- 


Copyrighted material 


Hidden page 



Ethylene Glycol Toxicity I Chapter 76 










* 








































































































































Figure 76-2 

The "coffin*-shaped crystal of monohydrate calcium oxalate associated with ethylene 
glycol toxicity. 


An active sediment (granular casts and renal epithelial cells) may be seen Je 
pending on rhe amount of tubular damage present. Some antifreeze manufactur 
ers are adding fluorescent compounds to their formulations, so that illuminating 
a patient’s urine with a Wood’s lamp may yield positive results in cases of ques 
tionable intoxication. 

Ultrasound examination may provide support for the diagnosis of ethylene 

glycol toxicity and prognostic information. The usual observation is that of in 

creased renal cortical echogenicity. Within 4 to 8 hours after ingestion, the echo 

genicity of the renal cortices is greater than that of the liver and may be equal 
to the spleen. With progression of the disease, the renal medullae increase in 

echogenicity, and eventually the echogenicity of the cortices surpasses that of 

the spleen. Finally, areas of relative lucency appear at the corticomedull iry junc 

tion and within the central medullary region (Fig. 76-3). This creates a “halo 

sign, which corresponds to clinical anuria and a grave prognosis. 

Histolopathology reveals acute tubular necrosis and intratubular calcium 

oxalate crystal deposition. The ultrasonographic changes correspond to ca cium 
oxalate crystal deposition, but changes in kidney echogenicity to not correlate 

to chemistry abnormalities such as elevated blood urea nitrogen (BUN) and 

creatinine. 7 A polarized light source may be used to better visualize the crystal 
deposition. A postmortem renal calcium tissue concentration of greater than 

2000 | pm (normal is 50-200 ppm) is highly suggestive of ethylene glycol nrph 

rotoxicity 
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If the patient presents within 4 to 6 hours of ingestion and is alert wit h an intact 

gag reflex, emesis should be induced (apomorphine hydrochloride 0.02-0.04 
mg/kg deposited in the conjunctival sac). Activated charcoal* 1 can then 
be administered (via stomach tube) in an attempt to absorb additional toxi¬ 
cant. 


The specific antidotes used for ethylene glycol ingestion are aimed at inhib- 
iting the enzyme ADH, and blocking the conversion of ethylene glycol to its 

more toxic metabolires. Ethanol is a competitive inhibitor of ADH, and various 

protocols use ethanol administration for dogs presenting within 12 hours of ethy¬ 
lene glycol ingestion/ The time it takes for hepatic metabolism of ethylene gly¬ 
col, and the toxicity of its metabolites, dictates that blood levels of ethanol 
remain elevated for at least 48 hours (delectable levels of ethylene glycol can 
persist in the serum and urine this long). Common side effects of ethanol inges¬ 
tion include CNS depression, an increase in serum osmolality, hypothermia, and 
osmotic diuresis. These effects are particularly severe in cats. 9 

4 Met hylpyrazole f (4-MP) is also used to inhibit ethylene glycol metabolism 
by forming a noncovalent complex with ADH and its coenzyme NAD. In dogs, 
4-MP (as a 5% solution) is given initially as a 20 mg/kg IV dose, followed 12 
and 24 hours later with a dose of 15 mg/kg, and a final dose of 5 mg/kg 36 hours 
after initiation of treatment. 10 The distinct advantage of 4-MP as an antidote is 

avoidance of the ethanol side effects. Studies comparing the response to treat¬ 
ment suggest 4-MP is a more effective antidote than ethanol. 11 The response to 
treatment is best if 4-MP is initiated within 5 hours following ethylene glycol 
ingestion. Mortality increases significantly with any longer delay between expo¬ 
sure and treatment. 12 4-MP is currently not recommended in cats; cats do not 

respond to dosages of 4-MP that are used for dogs. As described earlier, cats 

expvised to ethylene glycol deteriorate more rapidly than dogs, and the minimal 
lethal dose of ethylene glycol is lower in felines. Cats metabolize ethylene glycol 
less efficiently than dogs (the V max for ADI 1 is lower in cats than in dogs), and 
a variety of other metabolic differences may help to explain the disparity between 

the two species. Higher doses of 4-MP may be required in cats and studies are 
currently underway investigating this possibility. 

Hemodialysis or peritoneal dialysis are potentially beneficial in decreasing 

toxicant concentrations foi up to 24 hours after ingestion. If successful, these 

techniques give the patient’s kidneys additional time for repair and compensa¬ 
tion, but often the renal damage is irreversible, and the outcome unavoidable. 


12 


d Acta-Char 1-4 g/kg, Chare odote 6-12 mL/kg 

' 5% alcohol in 5% dextrose at 22 mL/kg IV q 4 h for 24 hours, then q 6 h for 24 hours 

5.5 mL/kg of 20% ethanol IV q 4 h for 5 treatments, then q 6 h for 4 treatments 

20% ethanol as a continuous rate infusion (CRI) at 1.4 mL/kg/h (dogs), 1.25 mL/kg/h (cats) 

5% ethanol as a CRI at 5.5 mL/kg/h 

f 4-MP or fomepizol, Antizol-Vet, Orphan Medical Inc., 13911 Ridgedule Dr., Suite 250, Minne 
tonka. MN 55305 
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An adverse drug event (ADE) is any undesirable reaction to therapy with 
a drug. ADEs can be classified as type A or type R. Li Type A (“augmented”) 

ADEs generally result from plasma drug concentrations that exceed the maxi¬ 
mum therapeutic range or, less commonly but equally undesirable, decrease be¬ 
low the therapeutic range. If the clinician is familiar with the drug and the 

patient, type A events are largely predictable and, with proper precautions, often 

avoidable. The type A ADE generally is manifested as an exaggerated, but “nor¬ 
mal" or expected pharmacologic response. The response might be the primary 
or targeted response (e.g., bradycardia in a patient receiving propranolol to slow 

sinus tachycardia) or secondary but untargeted response (e.g., bronchospasms 

clue to nonselective (i-blockade effects of propranolol). Type A ADEs include 

therapeutic failures resulting from subtherapeutic drug concentrations (i.e., un¬ 
derdosing of an antimicrobial). Some drugs also cause ADEs unrelated to their 

pharmacologic response. These events usually reflect damage to target cells and 
will be referred to as cytotoxic ADEs. Cytotoxic ADEs are perhaps best exempli¬ 
fied by hepatic necrosis induced by acetaminophen. Often it is the metabolite 
of the drug rather than the drug itself that causes cytotoxicitv. In such cases, 

drugs that induce metabolism, particularly in the liver (e.g., phenobarbital) may 
increase the risk of toxicity, whereas drugs that decrease metabolism (e.g.. cimet- 

idine) or scavenge oxygen radicals (e.g., N-acetylcysteine or S-adenosylmethio- 

nine) may reduce the risk of toxietty 

Type A ADEs are less likely or more avoidable for drugs characterized by 
a wide safety margin (e.g., most antibiotics), drugs for which the clinical response 

is easily detected (e.g., gas anesthetics), or drugs that are monitored to ensure 

that concentrations are within the therapeutic range (e.g., selected antibiotics, 
cyclosporine, cardiac drugs, and anticonvulsant drugs). Many type A ADEs can 

be avoided by choosing alternative (safer or more effective drugs), by minimizing 
the risk of drug interactions, or by modifying die dosing regimen of a drug to 

accommodate disease or drug-induced changes in drug disposition that might 

lead to ADE. 


M 


Copyrighted material 




Hidden page 



















































































































Hidden page 
















































































































Hidden page 



Copyrighted material 

























































Toxicology and Environmental 


possibly antihistamines). Supportive therapy is also indicated. Treatment on a 
preventive basis will help decrease the manifestations of anaphylaxis by de¬ 
creased mast cell response. 

Drugs associated with type I allergic reaction in people include penicillins, 
angiotensin-converting enzyme (ACE) inhibitors (particularly in the first 3 
weeks of therapy), nonsteroidal anti-inflammatories (NSAIDs), and opioids. 

Some drugs can cause an anaphy lactic-like reaction (anaphylactoid) that is simi¬ 
lar to anaphylaxis but is not mediated by IgE (i.e., is not allergic or irnmune- 
mediated). Selected drugs can cause direct mast cell degranulation. Generally 

these drugs are cationic i basic) and include opioids (morphine), polymixin, ra¬ 
diographic contrast materials, thiacetarsamide, amphotericin B, and others. 
M vperosmolar solutions such as mannitol can also cause direct mast cell degranu- 

lation. Anaphylactoid reactions tend to be somewhat related to dose; administra¬ 
tion of a small test dose may help detect the likelihood of occurrence. Decreasing 

the rate of drug administration, as wel i as previously described prophylactic mea¬ 
sures are indicated. 


Type II reactions (cytotoxic) occur as blood cells become lysed and removed 

from circulation. Lysis occurs due to binding either directly by IgG or IgM. Com¬ 
plement may or may not be activated. Either stem cells in the bone marrow or 

mature circulating cells may be targeted. Red blood cells, leukocytes, and plate¬ 
lets may be t argeted resulting in hemolytic anemia, agranulocytosis and leukope¬ 
nia, thrombocytopenia, or any combination thereof. 

Type 111 drug reactions (immune complex disease or serum sickness) is in- 

duced by antigen 

mem activation. Circulating antigen 


y complexes involving either IgG or IgN 1 and compli- 

antibody complexes may be filtered by 

and lodged in the vasculature of a number of organs including the kidney, CNS, 
or the peripheral vasculature. Clinical signs generally refer to the predominant 
organ affected hut also include fever and lymphadenopathy. The Arthus reaction 
is a variation of the type HI reaction and is manifested as swelling and pain at 
the site of dmg administration. Among drug reactions in veterinary medicine, 
the potentiated sulfonamides are probably the most well-recognized cause of type 

! 11 immune-mediated drug reaction. 

Type IV drug reactions (delayed hypersensitivity, cell-mediated) reflect cel¬ 
lular response at the site of the antigen. Lymphocytes and macrophages infiltrate 

the site and cause mediator release, which perpetuates the inflammatory re¬ 


•i 


anti 




5 


sponse. 


The critical care patient is predisposed to ADEs, particularly type A, for a 
variety of reasons (see Chapter 78). Using a systems-based approach, this chapter 

will address the role of Therapeutic agents in causing ADEs. 6 Those ADEs that 
are most likely to lead to intensive care or to occur in patients medicated in 

intensive care will be emphasized. Treatment of drug-induced adverse reactions 
often is symptomatic. For some drugs, however, specific antidotes may he useful 

for decreasing the severity of side effects (see Table 77-1). 
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Manifestation 


Sedation, ataxia, muscle weakness 
Aminoglycosides I Neuromuscular blockade 

Antidepressants Hyperexcitability, depression, aggression, seizures, ataxia 

Antihistamines Sedation; excitement 

Benzyl alcohol Hypersynthesis, ataxia, aggression, depression, coma (cat) 

Lowered seizure threshold, ataxia (cefazolin and imipenem) 
Lethargy, somnolence 

Butyrophenones | Lowered seizure threshold 

Seizures, exacerbated by coadministration of NSAIDs; dizziness 

Seizures, others 

Glucocorticoids I Lowered seizure threshold with long-term therapy (?) 

Ataxia, seizures 


Amitraz 


0-Lactams 

Bismuth 


Enrofloxacin 

Erythromycin 


Griseofulvin 


Hexachlorophene Neuropathy 

Ivermectin 

Lidocaine 

Metoclopramide 

Metronidazole 
Milbemycin 


Depression, lethargy, seizures, etc 
Seizures 

Hyperexcitability, may lower seizure threshold (controversial) 

Ataxia, nystagmus, seizures 

Depression, lethargy, seizures, etc 

Nonseptic meningitis (naproxen); exacerbates seizures caused by 

fluorinated quinolones 
General CNS depression 
Hyperexcitability; depression 

Lowered seizure threshold 


NSAIDs 


Opioids 
Pheno barbital 


Phenothiazines 


Quinolones 

Sulfonamides 

Vincristine 


Seizures, etc 
Aseptic meningitis 

Neuropathy 


mal to seizures). Short-acting barbiturates (or similar drugs) without pre-arropi- 

nization are preferred for anesthetic control during gastric lavage. Cathartics 

(sorbitol or sodium sulfate [Glauber's salt]) can he beneficial. Pharmacologic in¬ 
terventions for cardiac arrhythmias have not been well established. Aikalmiza- 

tion (sodium bicarbonate sufficient to maintain bl 
kg over 15-30 minutes IV) may prevent death by increasing protein binding 

and increasing cardiac automaticity (due to potassium shifts). 89 Cardiac drugs, 

including antiarrhythmics and digoxin, are contraindicated in human patients. 

Phenytoin may provide antiarrhythmic effects and, in human patients, is useful 
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Examples 


Drugs Associated 


Dermatologic Reactions 


Ampicillin 

Anticancer drugs 

Bromide 

Coal-tar shampoos 
Chloramphenicol 
Diethylcarbamazine 
Erythropoietin, human recombinant 

Flea collars 
5-Flu rocytosine 

Glucocorticoids 
Gold-containing drugs 


Fixed drug eruption 
Alopecia 

Pruritus 

Generalized eczema 

Purpura, TEN 

Eczematous dermatitis, pruritus 
Skin or mucocutaneous lesions 
Generalized exfoliation 
Eczematous dermatitis 
Alopecia, hyperpigmentation 

Alopecia (dog), pruritus, pemphigus vulgaris 

like reaction 
Eczematous dermatitis 

Alopecia (cat) 

Drug eruptions 
Generalized exfoliation 
Generalized eczema 
Erythematous dermatitis 

Alopecia 

Alopecia (dog) 

Generalized exfoliation 
Eczematous dermatitis 
Urticaria, angioedema 
Pemphigus vulgaris-like reaction 

Fixed drug eruption 
Urticaria, angioedema 


Griseofulvin 


Hetacillin 


Levamisole 
Lime sulfur dips 

Neomycin (topical) 

Phenothiazine derivatives 


Phenytoin 

Prednisone 

uinidine 


Sulfonamides 

Tetracyclines (oral) 

Thiabendazole 
Thiacetarsamide 


Vitamin K (IV) 


hematologic disorders have been described for human medicine and are based 

on cell count, assessment of time to onset after drug exposure, and time to resold 
tion of signs after the drug has been discontinued, and the course ot the reac¬ 
tion. 94 Both immunologic and nonimmunologic (toxic) damage can occur to the 
bone marrow or mature circulating cells. The reaction may he either to the par¬ 
ent drug or its metabolites. Toxic responses of the blood can reflect impaired 

bone marrow production (erythropoiesis) or damage to the circulating cells (he¬ 
moglobin, e.g., methemoglobinemia or Heinz body formation; Table 77-6). 

Bone marrow suppression can result in pancytopenia or may target only a 

single cell line (i.e., anemia, leukopenia, or thrombocytopenia). 95 Discerning an 
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bleeding patient and in those with disseminated intravascular coagulopathy 
(1 \C) unless replacement blood or plasma therapy is given. Excessive therapy 
(theoretically) might be treated with protamine sulfate, a compound that com¬ 
plexes with heparin. It is dosed according to the amount of heparin to be neutral¬ 
ized, but it also can contribute to hemorrhage and thus seldom is used to treat 
heparin overdose. 
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A number of drugs cause direct or indirect ADEs involving the heart (Table 

Doxorubicin is an anthracycline antibiotic used as an antineoplastic 
agent. It is capable of causing acute and chronic cardiomyopathy. The acute 
term is manifested as electrocardiographic changes that are not life-threatening 

and a potentially life-threatening reduction in ejection fraction that can lead to 

congestive heart failure within 24 hours after a single dose. 10 * The chronic form 
is manifested as congestive heart failure and the risk increases as the total dose 
accumulates. In lumans, the mortality can reach up to 50% following adminis¬ 
tration of doses low as 250 mg/m , 1 'ardiotoxicit may nor occur until several 

years after therapy has 'een completed. Cal liotoxicity in humans might ; <• re¬ 
duced by coadministration of an iron chelator (dexrozoxane) and carvedilolol, 

and [}-adrenergic drug also characterized by oxygen radical scavenging 


an li¬ 
ability 




Digitalis intoxication most commonly reflects improper use, including errors 
in dosing. Signs of toxicity are more easily recognized than are signs of efficacy, 
contributing to the perceived narrow therapeutic margin that likely would be 
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Antibacterial antibiotics 

Aminoglycosides (calcium related 
Erythromycin (torsades de pointes) 

Chloramphenicol, tetracycline (direct negative inotrope, selected species) 

Neoplastic agents 

fluouracil (myocardial ischemia) 

Cyclophosphamide (hemorrhagic necrosis at high doses) 

Doxorubicin, daunorubicin (acute and chronic congestive heart failure) 
Centrally acting drugs 

T CAs 

General anesthetics 
Opioids 

Phenothiazines 

Local anesthetics (conduction in excitable tissues) 

Catecholamines and related drugs 
Miscellaneous 

Digoxin 

Antiarrhythmics 

Antihistamines (selected H.-antagonists: terfenadine, astemizole) 
Cisapride (torsades de pointes) 


species) 


H 
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larger with pn iper use. Serious toxic effects of digitalis are due to altered electrical 
activity: changes in intracellular calcium, sodium, and potassium and, thus, the 
electric potential formed across the cell membrane. 59,10 Digitalis causes an in- 
crease in automaticity and ectopic beats. Direct toxicities occur when cellular 
calcium markedly increases. Dysrhythmias tend to worsen as calcium increases. 
Increased calcium results in afterdepolarization'mediated automaticity. 111 In the 
atrium, digoxin shortens the action potential, predisposing it to atrial fibrilla¬ 
tion. 111 Because the mechanism of toxicity (automaticity) is the same as the 
mechanism of positive inotropic effects, which occurs at higher digoxin concen¬ 
trations, the safety margin of the glycosides becomes more when it is used as a 
positive inotrope. 1 he negative chronotropic effects of digoxin also can directly 

slow sinus nodal activity leading to heart blockade. 

Toxic effects with digitalis are frequent and can be lethal if allowed to 

persist. Dogs with severe cardiomegaly and congestive heart failure are probably 

at greater risk of developing ectopic ventricular arrhythmias. Other factors pre¬ 
disposing to digoxin toxicity include but are not limited to hypokalemia, hyper¬ 
calcemia, hypomagnesemia, hypothyroidism, acid-base imbalances, and abnor¬ 
mal renal function. 59 Combination therap\ with other drugs also predisposes the 
patient. Selected digoxin preparations also are more likely to cause toxicity be¬ 
cause of differences in absorption. 

The cat is more sensitive to digoxin than the dog. The most frequent cause 
of digoxin toxicity is probably overdosing. The potential for toxicity is increased 

with hypokalemia. This may occur, for example, if the patient is also receiving 
diuretic therapy that causes potassium loss (furosemide, thiazides, and other 
“nonsparing” diuretics). 

The treatment of cardiac glycoside intoxication includes (1) discontinua¬ 
tion of digitalis therapy for at least one drug elimination half-life; (2) Jiscontinu- 

ation ot potassium-depleting diuretics; (D adminntranon ot phenytoin, which 

blocks atrioventricular nodal effects of digitalis (bradyarrhythmias), lidocaine 
(for ventricular arrhythmias), and oral potassium supplementation (e.g., potas¬ 
sium chloride), if hypokalemia exists. 110 Atropine may be useful to treat sinus 

bradycardia, and second- or third-degree heart block induced by cholinergic aug¬ 
mentation. Procainamide also has been shown experimentally to be useful for 

treatment of digoxin-induced ventricular arrhythmias in the canine heart when 

plasma drug concentrations approximate 8 to 12 pg/mL. llW11 

Fatal toxicities to theophylline can occur usually during chronic oral or 

rapid IV administration. Tachycaulia and CNS signs (restlessness, hyperexcit- 
ahility, sensory disturbances) can be correlated to increased plasma concentra¬ 
tions. Local G1 irritation and nausea, vomiting, and diarrhea may occur with 
oral administration. These can be avoided by administering the drugs with food. 






Pulmonary toxicities are of greater concern in human medicine. Although com¬ 
pounds toxic to the lungs can arrive by hematogenous route, most pulmonary 
roxicities result from direct exposure of the respiratory tract through the naso- 
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pharyngeal or oropharyngeal airways and subsequently the tracheobronchial 

tract and alveoli. m Gaseous and particulate toxicants arc most common. Acute 
pulmonary toxicity generally is not caused by therapeutic agents in humans. 
Macrophage clearance of drugs in the lungs may he accompanied by macrophage 

death and may be accompanied by the release of inflammatory mediators, which 

can damage surrounding cells and contribute to toxic effects of a drug. Com- 
pounds that cause pulmonary injury in humans due to the inflammatory response 
tend to be toxins rather than drugs. 78 However, selected drugs are noted for their 
potential to cause or exacerbate pulmonary disease. Examples include broncho- 
constriction induced by nonselective (1-adrenergic drugs or NSAIDs. Anecdotal 
reports suggest that bromide used as an anticonvulsant in cats may cause bron¬ 
chia! asthma associated with eosinophilic infiltrates. 
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A variety of factors that may produce adverse drug events (ADEs) 1-4 are present 
in the CCU patient. Physiologic and pathologic responses to illness or injury 

ma\ profoundly affect drug disposition and response to the drug. Onigs active 
in the cardiovascular and central nervous systems (CNS) may present the great¬ 
est risk because these vascular responses prioritize blood (and drug) delivery to 

these organs; additionally, derangements of these systems are often rapidly fatal. 
The critical patient also is likely to be simultaneously receiving two or more 
drugs that might negatively interact. Anticipating and thus preventing ADEs is 
facilitated by an understanding of drug disposition and its changes in the critical 

patient. This chapter will focus on some of these changes, the role of drug inter¬ 
actions as the cause of an ADE, and methods by which clinicians might accom¬ 
modate for these changes through modification of the dosing regimen. 
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The pharmacologic response to a drug reflects drug concentration at the 

tissue site, which tn turn tends to be linearly related to plasma drug concentra¬ 
tions (PDCs). A dosing regimen generally is designed to achieve, but not exceed, 
a targeted therapeutic range during a specific time interval. The range is charac¬ 
terized by a peak (maximum effective) and trough (minimum effective) PDC. 

Peak and trough MIX A achieved following administration i>i a drug reflect the 
cumulative effect of several drug movements that determine drug disposition. 5 

These movements include absorption from the site of administration (most com¬ 
monly the gastrointestinal [GIJ tract) into systemic circulation, distribution from 
circulation into and back from body tissues, and removal of the drug from the 

body by either metabolism or excretion. Each movement is affected by a number 

or host and drug factors. Drug factors include drug chemistry (t .g., lipid solubil¬ 
ity, molecular size, and pKa), whereas host factors include local (e.g 

mental p'T, surface area) as well as systemic (e.g 


envtron- 

motility, blood flow) effects. 

Gastrointestinal absorption is determined principally by G1 pH, motility, 
epithelial permeability, surface area, and blood flow. Rate and extent of intramus¬ 
cular (1M) or subcutaneous (SQ) absorption reflects drug molecular weight, lipid 

solubility, and regional blood flow to the site of administration. Drugs must be 
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intravenous (IV 1 drugs, compared to the normal patient, dose modification gen* 

erally can be in proportion to changes (from normal) in Vd (e.g., increased with 
edema or decreased with dehydration). The interval of a dosing regimen is based 

on the acceptable change in PDC (i.e., the difference between peak and trough 
PIX') and the rate of drug elimination from the btxly, commonly assessed as 

drug elimination halt-life. For drugs whose pharmacologic effects require the con 
tinued presence of the drug (e.g. t anticonvulsants, opioid analgesics, time-depen- 
dent antibiotics), the dosing interval is largely based on the drug elimination 

half-life. For drugs characterized by “residual” pharmacologic effects (e.g., anti¬ 
inflammatories, hormonal agents, concentration-dependent drugs), the interval 

is frequently longer than the elimination half-life and often is based on conve¬ 
nience. 


Drug elimination half-life is the time necessary for 50% of a drug to he 
eliminated from the blood. Most commonly, it is determined by the rate of re¬ 
moval of active drug or metabolites by the liver or kidney. Elimination half- 
life is indirectly proportional to the clearance capacity of organs of elimination. 
However, clearance is not the sole parameter that affects elimination half-life. 

To be eliminated, a drug must be in circulation. Thus, the Vd of a drug will 
directly affect elimination half-life. A drug whose Vd has increased is distributed 

to more tissues and becomes less accessible to tlie organs of elimination. Its 

elimination half-life subsequently is prolonged. The traditional response to pro¬ 
longed elimination half-life as a result of decreased clearance of a drug (e.g., 
hepatic or renal disease) is to decrease the dose of a drug. Although this response 
might be correct for drugs that accumulate (see below), for many drugs, decreas¬ 
ing the dose will increase the risk of therapeutic failure because the P1X' never 
achieves therapeutic concentrations. For drugs that do not accumulate, rather 
than reducing the dose, the interval of a dosing regimen should be prolonged to 
accommodate for an increase in elimination half-life. Examples include opioids, 

antibiotics, and many cardiac drugs. 

Accumulation occurs when a drug is given at a dosing interval that is shorter 
than its elimination half-life. In such cases, at least half—and often much 

of the previous dose remains in the body by the time the next dose is 

given. Drugs given in such a fashion will accumulate until ultimately, at steady- 

PDC will be some magnitude greater than that following the first dose. 

The magnitude in accumulation increases with the difference between the inter¬ 
val and the elimination half-life. Bromide (with a 24'day half-life) given every 

12 hours is an extreme example of a drug that markedly accumulates (see below). 

For drugs that accumulate, a decrease (or increase) in PDC requires a propor¬ 
tional change in either dose or interval. 

Full response to a drug will not occur until steady-state, the point at which 
accumulation is complete because drug elimination from the body (drug output) 
and drug dosing (drug input) are equal. At that point, maximum accumulation 

of the drug will have occurred. For all drugs, steady-state is reached at three to 

five drug half-lives. For drugs with a long half-life, therapeutic response or risk 
of toxicity cannot be fully evaluated until steady-state has been reached. Many 
drugs with a very short half-life are given as a constant IV infusion (e.g., dopa- 
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mine, anesthetic agents, and diazepam); steady-state is usually rapidly reached 
and a loading dose may not be necessary. For bromide, steady-state is not reached 
for 2 to 3 months and a loading dose is often given. Note that for drugs given 
at a dosing interval that precludes elimination (e,g ., an antibiotic with an elimi- 

nation half-life of 4 hours, given at 12-hour dosing intervals), “steady-state 
never actually occurs. Such drugs are characterized by an increased risk of reach¬ 
ing both toxic (shortly after dosing) and subtherapeutic (just before the next 
dose) levels during a dosing interval. For such drugs, shortening the dosing inter¬ 
val such that fluctuations are minimized rather than increasing (risking toxic 
concentrations) or decreasing (thus risking subtherapeutic concentrations) the 
dose may be more appropriate. 

Maintenance doses of drugs that accumulate are designed to target thera¬ 
peutic PDC at steady-state. Because the time to steady-state may be unacceptably 

long (i.e., anticonvulsants), both a loading dose and a maintenance dose might 
' c given. A loading dose is associated with a greater risk of adverse reactions 

because it is designed to rapidly achieve targeted PDC. Simplistically, the loading 
dose equals the sum of all doses given as steady-state is reached, less the amount 

eliminated. Realistically, it is calculated from the targeted drug concentrations, 

the Vd of the drug, and for non-IV drugs, the bioavailability (F) of the drug. 
The difference between the loading and maintenance dose reflects the difference 

between the dosing interval and time to steady-state. Thus, for bromide (elimina¬ 
tion half-life of about 3 weeks), a single dose of 450 rng/kg should target the 
minimum end of the therapeutic range (1 mg/mL), which is then maintained 

by a twice daily maintenance dose of 15 mg/kg. For phenobarbital (half-life of 
approximately 54'72 hours), the loading dose is 12 to 18 mg/kg compared to a 

maintenance Jose of 2 to 3.5 mg/kg twice daily. The maintenance dose of the 

drug is intended to maintain what the loading dose achieved (i.e., PDC). If it 
fails to do so, PDC will continue to increase or decrease until steady-state is 

achieved at 3 to 5 drug half-lives after the new maintenance dose was begun. 

Elimination half-life also is an important consideration to resolution of 
ADEs resulting from drug overdosing. Supportive therapy in overdose cases must 
be continued until drug concentration has decreased below the toxic range and 
the organ has had an opportunity to be repaired. Following one, two, three 

and five elimination half-lives, 50%, 75%, 87.5%, and 99% of the drug will be 

eliminated, respectively, from the body. However, elimination of 99% of the drug 
may not \ye enough if the overdose was great. Additionally, if the mechanisms of 

excretion (especially hepatic metabolism) have been saturated such that elimina¬ 
tion is no longer first order (i.e., constant percent eliminated per unit time) but 

becomes zero order (i.e., constant amount eliminated per unit time), elimination 
half-life can no longer predict PDC. Finally, changes in the organ of elimination 

induced by disease may further prolong the elimination half-life. 
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Changes in drug disposition in the critical care patient that may result in 
ADEs must also consider species differences. Differences in physiology renders 
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may need to be decreased or prolonged by 25%, depending on the fluid shifts. 

However, changes in half-life due to changes in Vd may be offset by changes 
in half-life due to changes in clearance. 

Changes in protein binding can impact drug distribution in the critical pa¬ 
tient. Highly protein-bound drugs (>80% bound) often do not distribute as rap¬ 
idly as unbound drugs and response to therapy may be prolonged (e.g., anticon¬ 
vulsants). A disease-induced decrease in serum albumin or the presence of 
endogenous compounds (e g., bilirubin, uremic toxins) or exogenous compounds 
(i.e., other highly protein-bound dmgs) can cause displacement of a drug from 

its binding sites. The greater the normal percent protein binding of he drug* ri e 
greater the risk of toxicity if the percent bound changes. For example, displace¬ 
ment of only 1% of a drug 99% protein bound doubles the pharmacologically 

active concentration of the drug. For some drugs, clearance (e.g., hepatic or glo¬ 
merular filtration) of the displaced drug may increase, ultimately “normalizing” 
PDC. However, even for these drugs, an initial period of increased risk of toxicity 

may occur. Doses of highly protein-bound drugs may need to be decreased. 

Cranial trauma causes unique changes in drug distribution. Following cra¬ 
nial trauma, the blood-brain barrier becomes permeable to small molecules nor¬ 
mally excluded by the brain. Maximal permeability occurs several days after the 
injury. Increased drug distribution into the brain increases the risk of neurologic 
ADEs. Drugs might exacerbate the pathophysiologic sequelae of cranial trauma 
by contributing to hemorrhage (e.g., mannitol), hypoxia (e.g., sedatives), or 

hyperglycemia. 
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The liver is the predominant site of drug metabolism. As with other hepatic 
functions, drug metal >lism appears to be preserved until moderate to severe liver 
disease has developed. Unlike the kidney, no single diagnostic test can provide 

a reasonable estimate of changes in the drug metabolic capacity of the liver. 51 
Generally, if liver dysfunction is sufficient that serum albumin and urea nitrogen 

concentrations are decreased and serum bile acids are increased, a proportional 
decrease in drug metabolism should also be anticipated. 59 " 41 Prolongation of the 

dosing interval is the most appropriate modification in the dosing regimen when 

elimination ha f-life is prolonged by decreased hepatic clearance, although a de¬ 
crease in dose might also be indicated for drugs that accumulate (see previous 
discussion). The patient with portosystemic shunting presents unique consider¬ 
ations regarding drug administration. Hepatic drug metabolism is likely to be 

decreased in such patients and longer dosing intervals are indicated. Drugs char¬ 
acterized by a high hepatic extraction will largely bypass the liver, depending 

on the fraction of blood bypassing the liver. Intervals of such drugs should be 
prolonged, but because the drugs normally are very rapidly eliminated, doses 

might also be decreased. Certainly oral doses of such drugs must be decreased 
to account for decreased first-pass metabolism. The proportional decrease might 
be estimated by the fraction of blood shunted around the liver. 
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dilution vol 

ume to avoid precipi 

ration 


Hydrocortisone 


Acid pH wilt cause hy¬ 
drolysis 

Incompatible with many 

drugs 
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sodium esters 




Vim 


Imipenem 

Insulin 


Do not freeze 

Binds to IV tubing, se¬ 
lected types of glass 
and plastics. 


Check package label 

garding diluents and 
refrigeration needs. 

Mixing lente insulins 

is okay, but mixing 

regular with lente 
will alter kinetics. 

Incompatible with many 

drugs. 


Oxytetracydine, sulfon¬ 
amides 

gentamicin, amino- 

g lycosides 

Barbiturates, diazepam 

Alkaline solutions 

Loss of drug when 

stored in PVt bags 

(absorption to PVC) 

Many drugs including cal 

dum containing drugs, 

sodium bicarbonate, 

tetracyclines, others 
Blood, strongly acidic or 

alkaline solutions 

Crystallization of high 

( 25 %) 
glass 

ally can be r 

by warming. Crystallize 

tion in plast solutions 

difficult to 

Normosol-R, Normosol-M Avoid diluting with 

volume that is too 

small; precipitation 
may occur otherwise. 

Reconstituted! lyopWIized 


Iron dextran 


Kanamycin 


Ketamine 

Lidocaine 


Magnesium sulfate 


Mannitol 


in 






•w* 


Methylprednisolone 




Metronidazole 


: # f [m*. 


must be buffered wrtit 
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product requires no 
additional handling. 


Light 


discoloration induced by 

light not 

by loss of potency, 

Do not 


msm 


Copyrighted material 







Hidden page 



Protein hydrolysate 
Propofol 


Many drugs 

Do not mix with other 

drugs 

Rapidly decomposes in 

alkaline solution 

Alcohol in 5% dextrose, 

epinephrine, oxytet- 
racydine, sodium bi* 

carbonate, sulfadia¬ 
zine 

Many drugs: check pack 

age insert 

Several drugs 
Selected drugs 

Many drugs 


Propranolol 


Ringer's lactate 


Sodium bicarbonate 


Sodium iodide 

Sodium succinate 

Sulfonamides, sodium 

salts 

Tetracycline 


Dark solution indicates 

position. 


Highly acidic solution 

may render incompati¬ 
ble with many drugs. 

Discoloration in multiple 

electrolyte solution 
does not indicate po¬ 
tency loss 

Many drugs 

Selected drugs 

Magnesium sulfate, 

erythromycin, se¬ 
lected others 

Many drugs 


7 ranna 


Thiopental 

Vancomycin 
Vitamin B complex 


Warfarin 


From Boothe DM: Factors affecting drug disposition, /a* Boothe DM: Small Animal Clinical Pharmacol¬ 
ogy and Therapeutics. Philadelphia: WB Saunders, 2001. King JC: Guide to Parenteral Admixtures. 
St Louis, MO Pace mar q; and Papich MG: Incompatible critical 

Current Veterinary Therapy XII, Small Animal Practice. Philadelphia WB Saunders, 1995. 


drug combinations, tn Bonagura 


JD. 


p 194. 


(e.g., ampicillin), crystallization (e.g. f heparin, dobutamine, furosemide) or pre^ 
cipitation (e.g., insulin) of drugs. Refreezing of a previously frozen and defrosted 
solution increases the risk of efficacy loss. The proper reconstituting fluid should 

be used to avoid inactivation of drugs. For example, amphotericin B should be 

diluted only with % dextrose because precipitates will otherwise form; whole 

blood or packed red blood cells should be diluted only with 0.9% saline to avoid 
damage to infused cells. Changing the pH of a solution by improperly diluting 

it or mixing it with another drug can be risky. The release of some types of 

insulin is pH dependent; diluting insulin with a solution other than that pro* 

vided by the manufacturer may change the pH and thus rate of insulin release. 
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The pH of a solution may be needed to keep the active drug dissolved or stable; 

changing the pH may result in precipitation or loss of stability. For example, 


acid-labile drugs (e.g., penicillins) 
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prepared as an acid salt (e.g., lidocaine hydrogen chloride ) 


or in acidic solutions 
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(i.e 
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lum 

dium bicarbonate) 

in IV solutions include glucocorticoids, propranolol, fluorinated quinolones, and 

vitamin B complex. 

Drugs can bind to and inactivate one another, often due to ionic attractions. 
Calcium in solution will precipitate if combined with solutions containing car 

bonates (e.g., sodium bicarbonate). Heparin is incom 

such as aminoglycoside and (Mactam antibiotics. Thus, saline rather than hepa 

rin might be used to maintain patency of catheters through which drugs will be 

administered. If present in sufficiently high concentrations, penicillins (weak 

acids) will bind to and inactivate amin 

quinolones. 59,60 In fact, ticarcillin can be therapeutically used to bind gentamicin 

in cases 

Although plasma concentrations following therapeutic dosing of either drug 
probably do not achieve concentrations necessary to inactivate aminoglycosides 
as a once daily dosing regimen of aminoglycosides becomes more generally ac 
ceptable, the risk of aminoglycoside inactivation by a penicillin may become 
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greater. 


Often, a drug interaction involving IV solutions can be detected by a visual 
change in the appearance of the drugs. Discoloration, cloudiness, and formation 
of precipitate are indications of an interaction and use of the dnig should be 
reconsidered. If the drug has simply recrystallized, gently warming the solution 

may result in re-dissolution without loss of efficacy. However, not all interactions 

will result in a physical change of the appearance. Likewise, the change in physi 
cal appearance of a drug combination does not necessarily indicate that the activ 
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other preanesthetics with no observable (reported) change in drug efficacy, de 
spite a cloudy discoloration. Whereas a pink discoloration of dopamine indicates 
inactivation, discoloration of dobutamine does not preclude efficacy if the drug 
i$ used within 24 hours. Slight yellow discoloration of procainamide is accept 


able; dark discoloration indicates a loss of efficacy. Prudence suggests that any 


physical change in the character of a drug be reason to not use the drug in a 
critical patient. 

Several drugs can bind to receptacles. For example, lipid-soluble drugs (e.g. 


f 


plastic containers; insulin binds 


diazepam) can bind to 


to 


many plastics including polyethylene and polyvinyl; aminoglycosides bind to 
glass. Binding to catheters and IV lines can be minimized by flushing each new 


drug. Drugs packaged in brown bottles (e.g., diazepam a 


are pro 
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another vial. 
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Weak acids (albumin) 

NS A IDs 

Coumarin derivatives 

Antibiotics 

Doxycycl i ne/minocydine 
Anticonvulsants 
Valproic acid 
Phenyfoin 
Diazepam 

Behavior modi tying drugs 

Cardiac drugs 

Digrtoxin 

Diuretics 

Furosemide 

Weak bases (u glycoproteins) 

Cardiac drugs 

Propranolol 

lidocaine (some species) 
Tricyclic antidepressants 


From Boothe DM Factors affecting drug disposition, tn: Boothe 

DM: Small Animal Clinical Pharmacology and Therapeutics. 

Philadelphia: WB Saunders, 2001. 


drugs alter the rate of absorption by altering gastric motility (see pharmacoki- 

netic interactions). To minimize these effects, none of these drugs should be 

piven simultaneously with another orally administered drug. 
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Drug interactions that occur inside the body may be life-threatening. Phar¬ 
macokinetic interactions occur when one drug alters the disposition of another 
drug. 63 Each stage of disposition of a drug—absorption, distribution, metabolism, 

or elimination—can be altered by another drug. 
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Absorption of one drug may be hindered due to changes in the drug’s pas¬ 
sage through biologic phases, and by changes in local pH, the integrity of biologic 
membranes, regional blood flow and, in the case of orally administered drugs, 
GI motility. All of these changes can be induced by a concurrently administered 
drug, Antisecreto v drugs m.r decrease the proportion of a wea* acid that us 
orally absorbed as gastric pH is increased, thus decreasing the absorption of weak 

acids. Similarly, the efficacy of sucralfate, which requires activation by an acidic 

ma' be decreased it administered at the peak antacid effect of an 


environment 

antisecretory drug. Sucralfate and cimetidine are examples of drugs that bind to 
and prevent the absorption of other drugs causing a pharmaceutical interaction 
(see above). Likewise, tetracycline and enrofloxacin ore hound by divalent or 

trivalent cations that might be found in antacids or foods. Drugs that alter gastric 

motility might alter the rate of oral drug absorption. Most drugs are absorbed 
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metah lized by phase 1 enzymes to a toxic metabolite (which overwhelms gluta¬ 
thione scavenging activity), cimetidine might be used to decrease 1 le production 

of the potentially fatal toxic metabolite, although the efficacy is controversial. 

73 The combination of cilastin with imipenem is another example of drug inhibi¬ 
tion used therapeutically; cilastin inhibits renal tubular drug metabolism of imi¬ 
penem, thus reducing its hepatotoxicity while prolonging its drug elimination 
half-life. Alcohol and 4-methylpyrazole competitively inhibit alcohol dehydroge¬ 
nase, the drug-metabolizing enzymes that convert ethylene glycol to its lethal 
metabolites. Nutrition, sex, age, species differences, and other factors can influ¬ 
ence how druig-metabolizing enzymes respond to drugs. 

Drug clearance may also be affected by drugs that change hepatic blocxj 
flow. However, this interaction is significant only for drugs th.it are characterize A 

by extensive and rapid hepatic clearance (e.g., propranolol, lidocaine) and prob¬ 
ably is not clinically relevant at this time. 
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Pharmacokinetic drug interactions may alter urinary excretion due to 

changes in glomerular filtration or competition between the drug for active tubu¬ 
lar secretion. Competition for carrier proteins responsible or active tubul ar se¬ 
cretion usually involves acidic drugs (Table 78-5). Probenecid is still occasionally 
used to prolong the elimination of an expensive penicillin because it competes 
with the penicillin for a carrier protein. Renal excretion may also be affected 

by drugs that alter urinary pH and tubular resorption. Changes in urinary pH 
conducive to formation of a greater proportion of unionized drug (e.g., an acidic 

urinary pH and an acidic drug * will encourage tubulai reabsorption of a drug, 

thus decreasing its clearance and prolonging its elimination half-life (Table 
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Anions (acidic drugs) 

Penicillins 

Cephalosporins 

Probenecid 

Sulfonamides 

Aspirin 

Furosemrde 

NSAIDs 

Phase II metabolites (glucuronic adds, glycine 

and sulfate conjugates) 

Cations (basic drugs) 

Procainamide 

Dopamine 

Trimethoprim 

Several opioid agents 


From Boothe DM: Factors affecting drug disposition, /n; Boothe 
DM: Small Animal Clinical Pharmacology and Therapeutics. 
Philadelphia: 


Saunders, 2001 
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Urinary acidifiers 

Ascorbic acid 
Methionine 

Sodium add phosphate 

Ammonium chloride 

Urinary alkalinizers 

Sodium bicarbonate, citrate, and acetate 
Carbonic anhydrase inhibitors 


From Boothe DM: Factors affecting drug disposition, in: Boothe 

DM: Small Animal Clinical Pharmacology and Therapeutics. 
Philadelphia: W0 Saunders, 2001. 
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For example, overdosing of some drugs (e.g., str/chnine can lx 
treated by hastening elimination with urinary acidifiers. 
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Pharmacodynamic drug interactions occur when one drug directly alters the 

chemical or physiologic response to another drug. Pharmacodynamic interac¬ 
tions can enhance the response of a drug due to additive or synergistic effects 

either at the same receptor (e.g., the permissive effect of glucocorticoids on |1- 

adrenergic receptors); intracellular site (e.g., epinephrine and theophylline in 
bronchial smooth muscle), or at different sites but with the same physiologic 
reaction (e.g., hypokalemia induced by cardiac gl ycosides and diuretics; man 
interactions of antibiotics). Pharmacodynamic interactions may decrease the re¬ 
sponse of some drugs due to competitive antagonism at the same receptor site 
(e.g., anticholinergics such as atropine and anticholinesterases, or atropine and 
metoclopramide or cisapride) or due to antagonistic responses mediated at dis¬ 
tant, but physiologically related, sites. Antagonistic pharmacodynamic interac¬ 
tions have been used therapeutically, for example, oxymorphone reversal with 
naloxone, and xylazine and other chemical sedative reversals with tolazoline or 

yohimbine. 

The most familiar pharmacodynamic interactions are probably those that 

act in an additive or synergistic manner to augment response to a drug. Augmen¬ 
tation can occur through different mechanisms of action (i.e., controlling vom¬ 
iting by combining a drug active at the chemoreceptor triggering zone with a 

drug that acts peripherally, controlling seizures by combining phenobarbital with 
bromide, controlling tachycardia by combining diltiazem with digoxin). Less com¬ 
monly, augmentation may occur through similar actions at a receptor site; more 
often, drugs will compete with one another at the same receptor, thus resulting 
in antagonism. Often, these actions are desirable and are frequently the target 
of combined drug therapy, for example, atropine to treat organophosphate toxic 
ity, or reversal agents for opioids and anesthetic agents. The use of butorphanol 
a mixed opioid analgesic that acts as an agonist at kappa receptors, but an antago 
nist at mu receptors may reduce the efficacy of a simultaneously administered 




Copyrighted material 


r ww 1 


in Drug Disposition and Interaction | 

pure opioid such as fentanyl. This effect may be desirable if attempting to reverse 

the sedative effects of the pure opioid, but may be undesirable if control of pain 
is reduced. Interestingly, the combination of fentanyl, a pure mu agonist, and 

buprenorphine, a partial mu agonist/antagonist may have synergistic analgesic 
effects rather than the antagonistic effects that might be expected. Antagonistic 
pharmacodynamic responses can also occur though different receptor sites or dif¬ 
ferent mechanisms. The combination of a “bacteriostatic” antibiotic with a “bac- 

tericidal” antibiotic might be considered as an example. Other examples include 

the prokinetic effects of cisapride and metoclopramide being ameliorated by anti¬ 
cholinergics; the effects of sucralfate being reduced in the presence of high gastric 

pH induced by antisecretory drug; and calcium-containing solutions not being 
combined with blood or blood components because the loss of anticoagulant ef¬ 
fects will increase the risk of microthrombi formation in the transfused blood. 

The prudent clinician will remember rhat if a drug combination may aug' 
ment a pharmacologic response, ir may just as easily augment an AI )E. For exam¬ 
ple, drugs that impair renal prostaglandin synthesis ( e.g., NSAIDs, angiotensin- 

converting enzyme inhibitors, aminoglycosides) should be used in combination 
cautiously because their combination increases the risk of renal failure. Likewise, 

ulcerogenic drugs (NSAIDs, glucocorticoids) enhance the risk of GI ulceration 

when used in combination. 

The number of drugs that might interact with one another is large and 
extensive. Clinicians treating critical care patients should be familiar with the 
risks associated with those drugs commonly found in their CCU environment 
and shouid review the package inserts and accompanying information when us¬ 
ing a drug with which he or she is not thoroughly familiar. 
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Rodenticide toxicosis commonly occurs in veterinary medicine* accounting tor 

a significant number of the poisonings in companion animals. It is more common 
in dogs than in cats, likely due to cats’ discriminating palate and, in the case of 
the anticoagulant rodenticides, a decreased sensitivity. The common types of 

rt lenricides include anticoagulant compounds, cholecalciferol, bromethalin 

strychnine, and zinc phosphide. The less common types of rodenticides include 
pyriminil, Red squill, thallium, arsenic, phosphorous, a-naphthyl-thiourea 
(ANTU), norbromide, barium, and sodium monofluoracetate (compound 1080). 

Among the anticoagulant rodenticides, further stratification occurs by a division 

into first'generation (warfarin and dicoumarol) and second-generation (“super' 

warfarin”) anticoagulants (brodifacoum, bromadiolone, chlorophacinone, cou- 
mafv I, difenacoum, difethalone, and diphacinoneSecond'generation antico¬ 
agulant rodenticides are more effective because they have a longer half-life and 

are more highly protein bound. Because the majority of intoxications occurring 

in companion animals involve the common types of rodenticides listed above 

this chapter is devoted to their pathophysiology, historical findings, clinical pre 
sentation, and treatment protocols. 
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I i e anticoagulant nventicides inhibit vitamin K 2,3-epoxide reductase and 
vitamin K quinone reductase in the liver, preventing the reduction of inactive 
vitamin Kj (vitamin K quinone). The result is the prevention of carboxylation 
of the calcium binding sites on clotting factors II, VII, IX, and X. 15 The interfer¬ 
ence with vitamin K 2,3-epoxide reductase in the biochemical lesion of impor¬ 
tance, hindering the “recycling” of active vitamin K quinone and a depletion 
of the vitamin K-dependent clotting factors II, VII, IX, and X. 12,4,7 This clotting 

factor depletion slows the extrinsic, intrinsic, and common pathways in the clot¬ 
ting cascade with resultant uncontrolled hemorrhage. 1,2,4 The circulating half- 

lives of factors 11, VII, IX, and X in the dog are 4.1, 6.2, 13.9, and 16.5 hours, 

respectively. 12,4 Factor VII has the shortest half-life and is the first to be depleted 

affecting the extrinsic branch of the clotting cascade and causing a prolongation 

of the prothrombin time (FT). 2 As the other clotting factors become affected 
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other coagulation tests, such as activated partial thromboplastin time (APTT) 

and activated clotting time (ACT), are prolonged. 2 This indirect mode of action 

explains the lag time that is observed between the ingestion of the n denticide 

and the onset of clinical signs. 1,2,4 Clinical signs may take days to manifest them- 

selves 




There is no sex, age, or breed predelection. 2 Owners may observe dyspnea, 
lethargy, cough and hemopytsis, pale mucous membranes, lameness, epistaxis, 

hyphema, melena, ecchymotic hemorrages or bruising, collapse, anorexia, and 

hematuria. 15 In many cases anorexia, lethargy, and dyspnea may be the only 
clinical signs of note. 1 Historical considerations should include the use of antico¬ 
agulant rodenticides in the environment, evidence of consumption (e.g., chewed 

bait containers, blue-green pellet fragments in stool or vomitus, spilled baits) 
season (a higher incidence in the spring and fall), and a repeat el historical inges 
tion of second-generation anticoagulant rodenticides. 1 ' 4 The relative toxicity 
varies depending on the type, chemical makeup of the rodenticide and type and 

mass of animal that ingests the bait. 
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Clinical signs may be occult for as long as 1 to 2 days after ingestion. M The 
most common physical findings are respiratory distress or tachypnea, cough, up¬ 
per respiratory stridor, pale mucous membranes, muffled heart or lung sounds, 

lethargy/weakness, evidence of external or internal hemorrhage (eg., hemopty 
sis, melena, epistaxis, subcutaneous hemorrhages, hemorrhage from ven* punc 
ture sites, and hematoma).Other, less obvious signs include abdominal dis 
ten tion due to hemorrhage effusion, generalized pain, fever, or lameness. 1 On 

occasion, onset may be so quick as to find the animal dead. 1 These sudden deaths 
may be attributable to sudden, catastrophic hemorrhage into the pericardium, 
lungs, thorax, mediastinum, abdomen, or brain. 1 Close inspection of stool may 
reveal blue-green bait fragments. 2 
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A presumptive diagnosis may be made on a history of exposure, consistent 

physical findings, and laboratory findings. 1 Supportive laboratory findings include 

decreased packed cell volume (PCV) and prolonged clotting times (ACT, PT, 

Another te*t of coagulation is the PIVkA re>r i proteins in¬ 
duced by vitamin K antagonists or absence rhar has been reported to be more 

sensitive than PT in detecting subclinical clotting abnormalities. However, the 

window within which PIVKA is prolonged while PT is normal is narrow. 2 There¬ 
fore, it seems unlikely tl\at an animal would be presented with a anticoagulant 

rodenticide toxicity where both tests would not be prolonged. 2 PT is the first 

coagulation parameter to be prolonged and it is not unusual to have hemorrhag¬ 
ing dogs with PT more than 100 seconds and APTT more than 300 seconds. 2 
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Anemia, thrombocytopenia, and hypoproteinemia will vary in seventy. 2 Other 
laboratory abnormalities include positive fibrin degradation products and hyper- 
fibrinogenemiad Abnormal radiographic findings showing pleural effusion, pul¬ 
monary infiltrates, widened mediastinum, and extraluminal tracheal compression 
may be noted. 2 A differential diagnosis at this point should include disseminated 
intravascular coagulation (DIC), congenital coagulopathy, trauma, hemangiosar- 

coma, renal failure, hepatic failure, and thrombocytopathy. 


2 


For the symptomatic animal, treatment goals include providing replacement 
clotting factors to prevent further blood loss, replenish vitamin K\ stores, replen¬ 
ish red blood cells in the face of an anemia, and supportive care. 2 Vitamin Kj 
is indicated in all cases of intoxication. 1 ' 6 **' 10 Vitamin K has no direct effect on 

coagulation and new clotting factor synthesis rakes 6 to 12 hours to occur. 14 A 

loading dose* of 2.5 to 5.0 mg/kg PO, followed by 2.5 to 5.0 mg/kg divided q 8 

to 12 h for a minimum of 5 days or up to 6 weeks depending on the type of 
toxin ingested. 1 " 4,9,10 Whenever possible, the oral administration of vitamin K| is 

recommended owing to its increased bioavailability. 1-4 This bioavailability can 

be enhanced by a farty meal. 2 It should he remembered that activated charcoal 

can interfere with the absorption of vitamin Kj; therefore, an initial dose admin¬ 
istered subcutaneously (SQ) may be used. 1 If the case demands, higher loading 

doses of vitamin K\ (4-5 mg/kg) can be used with lower subsequent doses. 2 SQ 

vitamin K| can be used if oral preparations cannot be tolerated. 2 Intravenous 

(IV) administration should be avoided due to the risk of anaphylaxis and intra¬ 
muscular (IM) administration due to the ri^k of hematoma formation. 1 " 4 The 

second-generation rodenticides may require vitamin K\ therapy for as long as 6 
weeks. 14 


Fresh-frozen plasma (FFP) is a ready source of clotting factors and should 

be used if the animal is not anemic. 1 * 3 Whole, fresh blood may not have enough 
plasma to provide adequate clotting factors. 2 If the animal is anemic, then whole 

blood, perhaps with additional I I \ or packed red bl 
cated. 2 Hemoglobin substitutes are a new and novel method in the treatment 
of anemia. The advantages of using a hemoglobin glutamer include ready accessi¬ 
bility, 3-year shelf-life, no risk of disease transmission, no need to type or cross- 
match, and no risk of transfusion reaction such as those to preformed alloanti- 
bodies to RBC antigenv Disadvantages to a hemoglobin glutamer include 
discolored urine, sclera, and mucous membranes; interference wnh some serum 
chemistry values; potential tor volume overload due to its colloidal effects; and 
a short half-life (18-42 hours for Oxyglobin versus 21-42 days for whole or 

PRBC). A dosage range of 5 to 30 mL/kg, not to exceed 10 mL/kg/h as been 

used in the treatment of anemia in dogs. It is not approved by the Food and 
Drug Administration for the use in cats. 

Treatment response should be monitored by using clotting times with PT 

being the preferred method; protocols vary as to the frequency of testing. 1,2 The 
PT should return to normal within l hour of administration of FFP or whole 


cells i PRBC) are indi 
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Chloramphenicol 

T r i methopri m-sulf a 

Neomycin 

Tetracycline 

Ibuprofen 

Ketoprofen 

Phenylbutazone 

Cimetidine 

Quinidine 


blood/ If vitamin K\ alone is used, PT should be reassessed at 12 to 24 hours. 

A PT should be rechecked 2 to 4 days after the cessation of vitamin Kj treat 
ment. u Under special circumstances, a lactating bitch may ingest a vitamin k 
antagonist rodenticide. Although there are no data to prove that these rodenti- 
cides pass into the milk in dogs, data in lactating women support the passage of 
warfarin into the milk. 1 Puppies and kittens are likely more sensitive because ot 
their reduced hepatic metabolism of the drug. 1 If the lactating animal is nursing, 
the puppies or kittens should be weaned, it possible, and treated with 2.5 to > 
mg/kg, vitamin K )t PO, divided q 8 to 12 h for 2 to 3 weeks or should be allowed 
to nurse, treated as above, with the therapy continued for at least 1 week after 

the mother's treatment is stopped. 1 If the intoxicated animal happens to be preg¬ 
nant, the pups may not lx* able to eliminate die toxin in utero? Therefore, the 
bitch should be treated using the above protocol until she whelps and the off¬ 
spring treated for at least 1 week or until their coagulation profile normalizes 
Many drugs increase the sensitivity to anticoagulant rodenticides. 2 A partial list 

F commonly use i drugs of veterinary interest can be found in Table 79-1. 

Certain colloid products have been associated with an induced coagulop¬ 
athy and should be used with caution in intoxicated animals. Heparin, which 

may be used for the treatment of D1C, may worsen the hemorrhage and, there¬ 
fore, should be avoided. 2 There 


other forms of vitamin K (vitamin K?) that 
should not be used in treatment of vitamin K antagonist i lenticide, because 
they require hepatic metabolism to become active 




* r* 
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A favorable prognosis includes an early return to normal clotting times, 
early detection of intoxication, and a 48-hour survival time. 2 Unfavorable prog¬ 
nostic indicators include hemorrhage into the lungs or brain and delayed presen¬ 
tation 
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Cholecalciferol (CCF 0.075%) rodenticides have been marketed under the brand 
names Quintox (Bell Laboratories), Rampage (Ceva Laboratories), Ortho Rat- 
R-Gon, and Ortho Mouse-B-Gon (Chevron Chemicals). 1,6,10 Intoxication in dogs 

is most commonly reported in adults dogs (>1 year of age) and juvenile cats 
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nate feeding habits of young cats and a dose-response effect due to smaller nouy 

size or an increased sensitivity to C( F or its metabolites . 1 There is no sex predi¬ 
lection and the overall incidence of toxicity is unknown . 1 * 5 Animals with pre¬ 
existing renal disease are at increased risk . 1 The LD 50 of the 100% technical 

grade material has been reported as 88 mg/kg; however, a toxicity can occur 

with dosages as little as 2 to 3 mg O kg body weight . 1 


Calcium homeostasis is under strict control of calcitonin, parathyroid hor¬ 
mone (ITH), and vitamin D metabolites . 1 These hormones regulate the ionized 

calcium concentration through control of intestinal uptake, renal excretion, and 

skeletal mobilization of calcium . 1 PTH increases serum calcium via activation 

of osteoclasts and lowering in bone resorption . 1,6,10 Calcitonin acts as an antago¬ 
nist to PT 11 by inhibiting osteoc lasts and lowering serum calcium levels . 1,6,10 Vita¬ 
min D and its metabolites increase intestinal absorption of calcium, stimulate 

bone resorption, and increase renal tubular resorption of calcium . 1,610 As a fat- 
soluble vitamin, 1 CF is absorbed into the lymphatics via chylomicrons. 

the liver, CC F is further metabolized to 25-hydroxycholecalciferol (25-OH-DO. 

which is the major merabolite during vitamin D* excess . 1,6,10 Further metabolism 

occurs in the kidney, where 25-OH-D* is converted to calcitriol (l,25-(PHb- 

Dj). lA, ° Cholecalciferol and 25-OH-Dj have limited biologic activity, whereas 

ealcitrii’l has the most potent biologic activity by enhancing bone resorption 

and intestinal calcium transport . 1,6,10 I he result of excess vitamin Dj ingestion 

is hypercalcemia (>12 mg/dL) and dystrophic calcification of tissues. 


1,6.10 


In 


1.6.10 


Clinical signs can be divided into four main categories: neurologic, cardio¬ 
vascular, renal, and gastrointestinal . 1,6,10 Clinical signs typically develop within 
12 to 36 hours after ingestion of CCF . 1,6,10 Common clinical signs include the 

vomiting, depression, anorexia, polyuria, polydipsia, and diarrhea with or with¬ 
out hematochezia/melena . 1,6,10 The presence of blood in the stool may mislead 

the clinician to the diagnosis of anticoagulant rodentici Je . 1 Uncommon clinical 

signs include bradycardia, cardiac arrhythmias, and shock . 1 These cardiac ar¬ 
rhythmias result from changes in membrane stability and excitability, a slowing 
of conduction, and a decreased automaticity, which is reflected by prolongation 
of the PR interval and QT shortening . 6 As the hypercalcemic state worsens, 
ventricular fibrillation may result from the conduction impairment or direct myo¬ 
cardial necrosis secondary to dystrophic mineralization . 6 A persistent hypercalce¬ 
mia can result in dystrophic calcium deposition occurring in the kidneys resulting 

in worsening of renal insufficiency . 1 However, acute renal failure can occur with¬ 
out calcium deposition . 1 Biochemical alterations include marked hypercalcemia 

(> 1 2 mg/dL), hypoproteinemia, hyperphosphatemia, glucosuria, variable urine 

cytologic changes, possible metabolic acidosis, and azotemia . 1,6 A differential di¬ 
agnosis list should include juvenile hyercaicemia, paraneoplastic syndrome, pri- 
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support. Ca, P, BUN, and Cr are monitored at least every 24 hours. It RUN and 

Cr remain elevated, continued treatment for acute renal failure is indicated. 11 

If Ca levels start to rise, reinstitute fluid therapy and consider repeat pamidronate 
dosing. This can be expected to occur with 5 to 7 days after the initial dose, if 
it occurs at all. 11 In most cases, a single dose of pamidronate is all that is re¬ 
quired. A change to oral medications can he made as long as the patient remains 
normal, has a gmxJ appetite (poor appetite can he an early indicator of a rise in 

Ca), and serum Ca, P, BUN, and Cr concentrations remain within normal limits. 
Aluminum hydroxide (Amphogel) at 60 mg/kg PO q 8 h can he used if P values 

remain elevated. 11 Monitor Ca and P tor 5 to 7 days after values return to normal, 

then two to three times a week for 2 weeks and then 1 month after ex 


Hire. 
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Bromethalin is a newer, nonanticoagulant rodenticide introduced in 

It was introduced as a 0.01% based, single-feeding rodenticide under the trade 

names of Vengeance, Trounce, Assault, Hot Shot, and Sudden Death Mouse 
Killer. 15 Bromethalin-bascd rodenticides are a pelleted, tan or green, grain-based 

product packaged as 0.75- to 1.5-oz packs. Biterex (denatonium benzoate) has 

been recently added to bromethalin bait to deter human consumption (Biterex 

is also found in other rodenticides). 10 Tins substance does not interfere with its 

toxicity as a rodenticide but does make the bait had tasting, making it difficult 
for humans to consume a toxic dose. 10 The reported LD» for technical grade 

bromethalin in cats is reported as 1.8 mg/kg, and 4.7 mg/kg in dogs.'- 5 Tire mini- 
mum toxic dose is reported as 16.7 g/kg in dogs and 3.0 g/kg in cats. 1,5,10 The 
minimum lethal dose bait in cats is 4.5 g/kg and 25.0 g/kg in dogs. 


1985. 1 * 510 


i.* 


The mechanism of action is specifically unknown. It is thought to uncouple 

oxidative phosphorylation in brain and liver and acts as a neurotoxin. 1 * 5,10 This 

leads to a decreased production of adenosine triphosphate (A I ; a diminished 

activity in Na*/K* ATPase and a subsequent fluid accumulation resulting in 

cerebral edema. 1,5,10 The cerebral edema ultimately causes an increase in cerebro¬ 
spinal fluid (CSF) pressure, an increased pressure on nerve axons, and a decreased 

nerve impulse conduction. 


I.S.I0 


Clinical signs are variable and can present as an acute or chronic syn¬ 
drome. 1,5,10 Higher doses may present as a more acute onset of signs within 24 
hours of ingestion. 1,5 * 10 Signs include muscle tremors, hyperexcitability, paddling, 

hyperesthesia, hyperthermia secondary to excess muscle activity, and seizures. 

Doses less than the LD$o of bait produce a toxic syndrome that is characterized 

by a lower onset, 24 to 96 hours. 1,5,10 Clinical signs include hind limb ataxia or 

paresis with or without central nervous system depression. 1,5,10 The most common 

clinical signs reported to the ASPCA NAPCC include vomiting, ataxia, seizures. 


t.vio 
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ally, myocardial injury, arrhythmias, tachypnea, cyanosis, and adult respiratory 

distress syndrome are reported. 


o 
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Acute onset of emesis, depression, tremors, and weakness progress rapidly 

to recumbency. 2 Pulmonary edema develops over time. 2 Routine laboratory find' 
ings are not helpful. 2 Phosphine gas is heavier than air and has an odor described 
as rotten fish. 10 This can not, unfortunately, be used as a diagnostic aid 








If the exposure is caught early, the treatment is decontamination, witli or 
without activated charcoal/cathartics. Oral administration of 5% sodium bicarbon- 
ate may limit acid hydrolysis of zinc phosphide in the stomach, but the efficacy is 
uncertain. 2 Symptomatic and supportive care remains the mainstay of treatment. 2 


m 
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Mild 


Moderate 


<28°C (B2°F) 


tion and convection normally account for about 15% of heat loss in people, but 
convective losses increase with shivering. Respiration and evaporation account 
tor the remainder of heat loss in people with 2% and 9% lost in heating inspired 
air, and 20% to 27% lost to insensible evaporation from the skin and lungs. 6 
With increasing subcutaneous fat thickness there is greater insulation and slower 
loss of heat. 


Heat production may involve voluntary muscle activity (i.e., shivering). 
Shivering thermogenesis increases the basal metabolic rate two to five times. 

This shivering also increases oxygen (O?) consumption and is modulated by the 

hypothalamus and spinal cord- The hypothalamus orchestrates nonshivering 

heat conservation and dissipation. Serotonergic and dopaminergic neurons ap^ 

pear to be pivotal. 9 They exert immediate control through the autonomic ner¬ 
vous system and delayed control through the endocrine system. Thermal sup¬ 
pression or activation of the sympathetic nervous system with cold-induced 

norepinephrine release also occurs. Cold stimulates the hypothalamus to release 

thyrotropin-releasing hormone. This activates the pituitary, which releases 
thyroid-stimulating hormone, and results in the release of thyroxine from the 

thyroid. 


With mild hypothermia (see Table 80-1), vasoconstriction, shivering, and 
nonshivering basal and endocrinologic thermogenesis generate heat. As the core 

temperature drops to moderate levels, a progressive drop in basal metabolic rate 
occurs without shivering thermogenesis. Finally, in severe hypothermia, auto¬ 
nomic and endocrinologic mechanisms for heat conservation become inactive 

Predictable cardiovascular responses to hypothermia occur. After an initial 

tachycardia, a progressive bradycardia develops. The pulse usually decreases by 

50% at 28°C V [•). 1 is bradycardia results from decreased spontaneous depo~ 

larization of the cardiac pacemaker cells. As a result, the bradycardia is usually 
refractory to atropine. There will also be a decrease in mean arterial pressure, 
respiratory rare, and cardiac output. 1 Increased bi >od viscosity and increased 
afterload secondary to peripheral vasoconstriction, and capillary sludging of 
blood further reduce the cardiac output. 

Because the conduction system of the heart is more sensitive to cold than 
the myocardium, cardiac cycle prolongation occurs (lengthening of the TR, 
QRS, and QT intervals). 12 Atrial irritability is a feature of early hypothermia. 
As the body temperature drops, ventricular irritability increases and the animal is 
predisposed to premature ventricular contractions, tachycardia, and fibrillation. 

Hypothermia causes a decrease in transmembrane resting potential, which de- 
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creases the threshold for ventricular dysrhythmias. When core body temperature 

is below 28°C (82°F), ventricular fibrillation is common and tends to be unre¬ 
sponsive to electrical defibrillation. 13 

In humans, the Osborn (J) waves are potentially diagnostic but not prognos¬ 
tic. This secondary wave is positive and follows the S wave. It is most commonly 
seen in leads aVL, aVF, and the left precordial leads. They appear at any tempera¬ 
ture less than 32°C (90°F). These abnormal waves appear to be a result of hypo¬ 
thermic ion flux alterations, with delayed depolarization or early repolarization 
of the left ventricular wall. H Unfortunately, the Osborn wave is rarely recognized 

in small animals. 15 

Following removal from the cold, there is often a further decline in an 
individual’s core temperature. This phenomenon is called “afrerdrop.” Two pro¬ 
cesses that contribute to afrerdrop are simple temperature equilibration across a 
gradient and circulatory changes. 15 Countercurrent cooling of the bio d, which 
is perfusing cold tissues, results in a decline in temperature until the gradient is 

eliminated. 

Active external rewarming of the extremities will obliterate peripheral vaso¬ 
constriction and reverses arteriovenous shunting. 16 Warm bath immersion re- 
warming causes a 30% fall in mean arterial pressure, coupled with a 50% decline 

in peripheral vascular resistance, 1 * 

Core temperature afrerdrop is clinical y relev ant when treating animals with 

a large temperature gradient between core and the peripheral tissues. Major after- 

drops also occur in severely hypothermic animals if frostbitten extremities are 
thawed before thermal stabilization. 

Exposure to cold will induce a diuresis regardless of the animal’s state of 
hydration. In hypothermia, renal bloc J flow is reduced by 50% at 27 c to }0°C 

(81°-86°F) resulting in part from reduced tubular reabsorption 18 and depressed 
pr iluction of antidiuretic hormone. These events are a direct consequence of 
the hypervolemia induced by early vasoconstriction. After the initial diuresis, 

renal blood flow and glomerular filtration rate decrease as the cardiac output 
decreases. 4 

With hypothermia there is also depressed central nervous system (CNS) 

i unction. With severe hypothermia there is disproportionately higher redistribu¬ 
tion of blood flow to the brain. Like the heart, the brain has a critical period 
of tolerance to hypothermia. There are temperature-dependent neural enzyme 
systems that arc unable to function. The most obvious change is a decreased level 
of consciousness, which culminates in coma. Cerebral metabolism in humans 
decreases 6% to 7% for each degree Celsius decline in temperature. Significant 

changes in the brain’s electrical activity begins below 33.5°C (92°F ) and the 
electroencephalogram is flat at 19° to 20°C (66°-68°F), 19 In fact, an animal may 

appear to be dead with severe hypothermia. The decreased cellular metabolism 
allows the animal to meet metabolic demands for a short period, even in the 

presence of bradycardia, asystole, and ventricular fibrillation. In dogs, Oj con¬ 
sumption is decreased to 50% when the temperature is 30°C (86°F) and to 16% 

of normal at 23°C (73°F). :o Delivery of O 2 is slowed by a combination of alveolar 
hypoventilation, decreased oxyhemoglobin dissociation, and sludging of blood. 
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system become progressively more efficient as body temperature returns to 
normal* 


Hypothermia, like hypocapnia and alkalosis, shifts the oxyhemoglobin dis- 

sociation curve to the left, resulting in decreased 0 2 release from the hemoglobin 

into the tissues at a lower P0 2 . For example, at 27°C (81°F), the saturation 
of hemoglobin is 100% at a partial pressure of 59 mm Hg. Vasoconstriction, 

a ventilation-perfusion mismatch, and increased blood viscosity are additional 
impediments to tissue oxygenation. 

Unlike hibernating animals, dogs and cats lack the protective vasomotor 

ability to alternately vasoconstrict and vasodilate the peripheral tissue to ensure 
perfusion. A physiologic increase in coagulation occurs with hypothermia, and 

a disseminated intravascular coagulation-type syndrome is reported in humans. 
The cause may be catecholamine or steroid release, simple circulatory collapse, 

or release of tissue thromboplastin from cold, ischemic tissue. 

Coagulopathies develop in hypothermic animals because the enzymatic na¬ 
ture of the activated clotting factors are depressed b the cold/ 4 Because the 
kinetic tests of coagulation are performed in the laboratory at normal body tem¬ 
perature, there will be a dispari v between the in vivo clinically apparent coagu¬ 
lopathy and the deceptively “normal” prothrombin time (PT) or activated partial 
rtromboplastin time (APTT). The only effective treatment is rewarming, not 

t ie administration of clotting factors.” 
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An adequate history includes available information regarding pre-existing car¬ 
diac, pulmonary, neurologic, or endocrine disease. Information regarding the du¬ 
ration of exposure should also be recorded. The goals to emphasize prior to trans¬ 
porting the animal to the hospital would include rescue, examination, insulation, 
and rapid transport. 

With a history of exposure to environmentally cold temperatures, prolonged 

anesthesia, trauma, or severe illness, a diagnosis of hypothermia is suspected. 
Early clinical signs are vague but include lethargy, dullness, shivering, and an 

impaired gait. With moderate hypothermia the dog or cat may have muscle stiff¬ 
ness without evidence of shivering. In severe hypothermia the animal may appear 

dead. Respiration and heart sounds are difficult to detect and the pupils are fixed, 
dilated, and slowly responsive. Before pronouncing the animal dead, serious at¬ 
tempts at detecting vital signs should be undertaken. These attempts would in¬ 
clude an ECG, echocardiography, and plethesmography to detect respiratory 

movements. 

Severe hypothermia is easily overlooked. This is because standard rectal 
thermometers only measure temperatures to about 34°C (93°F). Electronic 

thermistors are used to measure core temperature in the esophagus or rectum. 

Infrared tympanic thermometers will also accurately read low core temperatures/ 


L Infrared tympanic thermometers require some practice by the user to ensure at least 25% of the 
tympanum is scanned at the time the temperature is measured by the device. Falselv low temperature' 

may result from of era tor error. 
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Hypothermia normally induces increased naturesis. Pre-existing gastrointes¬ 
tinal losses or medical therapies (e.g., furosemide) also contribute to sodium loss. 

The fluid selected should be a balanced crystalloid solution to which at least 
2.5% dextrose is added. Ringer’s lactate solution should be avoided because the 

cold liver inefficiently metabolizes lactate. 4 
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The three re warming methods used in treating hypothermia are passive re- 

warming, active external rewarming, and core rewarming. In passive rewarming 

the animal is wrapped in dry blankets and the intrinsic heat production (shiv¬ 
ering) corrects the hypothermia. With shivering there is significant oxygen con¬ 


sumption. 


In moderate hypothermia (28°-32°C; 82°-90°F) rapid active external re¬ 
warming is indicated. Hot water bottles, circulating hot water blankets, radiant 
heat, and other exogenous heat sources are added to the blankets used with 

passive rewarming techniques. Ideally, these heat sources should only be applied 
to the thorax and the extremities are kept cool to allow the heart to warm and 

better prepare to perfuse the extremities. Under no circumstances are these exter¬ 
nal heating devices allowed to contact the patient’s skin. Because the patient’s 
skin is vasoconstricted, if is unable to conduct heat away and bum injuries are 


common. 


Active rewarming is the direct transfer of exogenous heat to the patient. 

A number of techniques used in active rewarming. The administration of heated, 
humidified air or Oj by mask or endotracheal tube will rewarm the airways. In 

humans, no induced dysrhythmias are recognized during endotracheal intubation 

of hypothermic patients. 27 Preoxygenation prior to intubation will help prevent 

dysrhythmias. Commercially available heating nebulizers and ventilators require 
modification to allow the inhalant to reach 40° to 45°C (104°-113°F). Airway 

rewarming raises the body temperature at an average of 1° to 2°C each hour. 
It eliminates respiratory heat loss and is a useful adjunct to other rewarming 
techniques. 

Cardiovascular instability and decompensation require rapid rewarming of 

the core temperature. There are reports of active rewarming with sudden vast di¬ 
lation leading to severe shock. A canine model comparing cardiac bypass, perito¬ 
neal lavage, and active external rewarming (AER) shows that more crystalloids 

and bicarb nate are required for resuscitation for the AER group. 4, n humans, 
the largest afterdrop occurs when using a heating pad 41 or hot bath immersion 42 
tor AER. With . HR there are increased peripheral metabolic demands and the 
ventricular dysrhythmia threshold decreases because of the myocardial tempera¬ 
ture gradients. 41 If AER is chosen for rewarming a moderate or severe hypothemia 
patient, it should be combined with active core rewarming (Fig. 80-1). 

Peritoneal lavage using heated (40°-45°C; 104°-113°F) crystalloid dialy- 

sate at a dose of 10 to 20 tnL/kg is an option for treating severe hypothermia 
and no perfusion. 40 1 his is facilitated by placing two abdominal catheters with 
outflow suction. The rewarming rates with this technique range from 2° to 4°C 
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During rewarming, excessive pharmacologic manipulation of the vasocon- 

stricted and depressed cardiovascular system should be avoided/ 5 Infusions of 

low doses of catecholamines are indicated in patients who have lower blood 

pressure than would be expected for the degree of hypothermia and who are not 

responding to rewarming and crystalloid administration. 

The most effective ventricular antiarrhythmic drug in dogs at low tempera¬ 
ture is bretylium tosylate (American Regent Laboratories, Inc., Shirley, NY) at 
an IV dosage o: 10 mg/kg. This increases the ventricular arrhythmia threshold 
despite increasing catecholamine levels. Its protective effect is most likely due 
to an alteration of the electrophysiologic properties of cardiac tissue and not 
adrenergic blockade. 

With hypothermia the signs and symptoms of infection are often masked. 
During hypothermia the migration of neutrophils and bacterial phagocytosis are 
defective. Empirical antimicrobial prophylaxis is frequently warranted. 

Animals unresponsive to rewarming may have cerebral edema. The in¬ 
creased intracranial pressure is likely secondary to a combination of edema, os¬ 
motic gradients associated with glucose levels, or ischemic injury. Treatment 
consists of osmotic diuresis using mannitol and use of furosemide. There is no 
evidence that corticosteroids affect cerebral edema in hypothermia. 
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Because of the variability in an animal’s physiologic responses, outcome is diffi¬ 
cult to predict, 1 l ie type and severity of the underlying or precipitating disease 

process is the major determinant. Patient age in humans is not a predictor of 
mortality. 27 In humans, predictors of outcome include prehospital cardiac arrest, 
a low or absent blood pressure, elevated BUN, and the need for endotracheal 

or nasogastric intubation. Grave prognostic indicators include evidence of 

thromboembolism, severe hyperkalemia, and significantly elevated ammonia 
levels.* 


Vlierwise healthy animals who have mild accidental hypothermia, 32 
37°C (90°-99°F), usually rewarm easily. With more severe hypothermia the ani¬ 
mal must be examined for the presence of underlying medical disorders. Rewann¬ 
ing of all animals below ?2°C (90°F) requires continuous temperature and FOG 

monitoring. 
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Hyperthermia is defined as an elevation in body temperature. It can be character- 
ized as pyrogenic hyperthermia (fever) and nonpyrogenic hyperthermia. 1 The 
primary difference between pyrogenic and nonpyrogenic hyperthermia is the 
presence or absence of a fully functional thermoregulation mechanism. 1 In 

the case of fever, endogenous or exogenous pyrogens act on the anterior hypo¬ 
thalamus to raise the set point to a higher temperature. 1 Nonpyrogenic hyper- 
t termia occurs when the thermoregulation mechanisms and heat dissipating sys¬ 
tems are unable to compensate for the heat-producing mechanisms, leading to an 
increased body temperature above the set point. 1 Common causes of nonpyrogenic 

hyperthermia include heatstroke, excessive exercise, seizures, hypothalamic le¬ 
sions, thyrotoxicosis, and malignant hyperthermia. 1 This chapter considers the 

nonpyrogenic syndrome ot heatstroke and briefly discusses malignant hyper¬ 
thermia. 
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Heatstroke is a common pathologic state caused by an excessive elevation in 

body temperature. 12 It is a commonly recognized syndrome in dogs, especially 
those who live in hot, humid environments. 12 A brief overview of thermoregula¬ 
tion may help the reader further understand the mechanisms of thermoregula¬ 
tion. 


Body heat is produced by three primary processes: basal metabolism, muscu¬ 
lar activity, and the assimilation of food (oxidative metabolism). 1 Body heat is 
dissipated by several methods including radiation of infrared heat, conduction 

convection, and evaporation. 1 A very small amount heat is lost through the 
excretion of stool and urine. 1 The majority of heat loss in dogs and cats is through 
radiant heat and evaporate cooling via the respiratory tree. 1 

The thermoregulation centers are located in the anterior hypothalamic prc- 

optic region. 1 Thermoregulation can be thought of as simply a balance between 

heat loss and heat generation mechanisms. 1 The narrow range in which body 

temperature is maintained in referred to as the set point. 1 Depending on the tem¬ 
perature of the body, homeostatic mechanisms will either activate heat-generat¬ 
ing (shivering, increased voluntary activity, catecholamine release, peripheral 
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and finally apnea. 1 Rapid I v increasing end-tidai carbon dioxide concentration 

is the most revealing of impending MH. 11 In later stages, tachycardia is accompa~ 
nied by dysrrhythmias that lead to bradycardia and finally cardiac arrest. 


n 
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The tinig most commonly used to prevent ami treat MH is dantrolene (Dan- 

trium, 2-5 mg/kg IV). 11 This is a muscle relaxant that also an antipyretic. 11 It 

suppresses calcium ion release but does not api^ear to inhibit uptake of calcium 

by muscle cell tissures. 11 Symptomatic care, as with other forms of hyperthermia, 

Rapid cessation of inhalant anesthesia, changing the anesthetic 


m 


arc necessary. 

machine to a “clean” machine, administration of 100% oxygen, and body cooling 

are af methods used to diminish the effects of Mf !. n 


a 4d m 
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Chemotherapy is associated with a wide range of adverse effects. Although this 
chapter cannot be completely inclusive of all potential toxicities associated with 

antineoplastic treatments, it should serve as a basis from which clinicians can 
develop experience with the various drugs used in veterinary oncology. When- 
ever unusual symptoms develop subsequent to the administration of chemother¬ 
apy, the clinician should be suspicious of a potential chemotherapy-associated 

toxicity and should consult a veterinary oncologist or human textbook for a more 

complete description. 
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Chemotherapy-induced gastrointestinal (GI) roxicity can be debilitating and po- 
tentially life-threatening. Symptoms may include nausea, anorexia, vomiting, 
and diarrhea. Certain chemotherapeutic agents have a higher incidence of ad¬ 
verse GI effects (Table 82-1), but all drugs should be considered to have the 
potential to cause GI toxicity in an individual patient. Additionally, it is impor¬ 
tant to recognize that GI symptoms associated with fever are a more serious 
problem because they can be the first signs of sepsis. 

The mechanisms by which antineoplastic agents cause GI toxicity are mul- 

tifactoria! and involve (!) direct damage of ( 1 mucosa. (2) stimulation of die 
chemoreceptor trigger zone (CRTZ) and medullary emetic center via stimulation 

of various neurotransmitter receptors, and (3) local GI tract irritation to sritmi' 

late gut neurotransmitter receptors and subsequent activation of the vomiting 
center via vagus and sympathetic nerves. Neurotransmitters include serotonin, 
dopamine, histamine, and norepinephrine among others. Serotonin released 

from enterochromafifm cells of the GI tract seems to be important in the patho¬ 
physiology of acute vomiting; whereas other neurotransmitters may be more im¬ 
portant in the delayed GI adverse effects of chemotherapy. 

Vomiting during chemotherapy administration is uncommon with the ex¬ 
ception of cisplatin, dacarbazine, streptozotocin, and occasionally doxorubicin, 
actinomcyin, and cyclop losphamide. Most veterinary patients experience de¬ 
layed vomiting, beginning 2 to 5 days after treatment, when desquamation of 
the intestinal crypt cells begins. Anorexia is a common sequela to chemotherapy 
in cats, especially after receiving vincristine, and may be related to its peripheral 
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Cisplatin 

Dacarbazine 

Streptozotocin 


Actinomycin 
Carboplatin 
Cytosine arabinoside 
Doxorubicin 

Etoposide 

Methotrexate 

Mustargen 

Procarbazine 

Vinblastine 

vncristine 


Bleomycin 

Chlorambucil 


CCNU 


Cyclophosphamide 

Ifosfamide 


i-asparagmase 

Melphalan 

Mitoxantrone 

5-Fluorouracil 


neurotoxic effects on the G1 tract leading to a paralytic ileus. Diarrhea usually 

occurs several days after chemotherapy and is related to damage to rapidly divid¬ 
ing mucosal epithelial cells. Most drugs can cause diarrhea; common examples 

are doxorubicin, vincristine, cisplatin, and methotrexate. Very rarely, pancreati¬ 
tis subsequent to chemotherapy is the cause of emesis. Doxorubicin, L-asparagi- 

nase, azahioprine, methotrexate, and prednisone have all been implicated in 

causing pancreatitis in veterinary patients. 

Management of chemotherapy-induced GI toxicity includes restriction of 
oral inrake, parenteral fluid support, and antiemetics. Prophylactic antibiotics 

are not routinely instituted hut the clinician should always monitor a vomiting 

chemotherapy patient for fever because the occurrence of GI toxicity and neutro¬ 
phil nadir are often overlapping. Should imminent sepsis be suspected, systemic 
antibiotic therapy is indicated. Nutritional support should always be considered 
in patients experiencing severe or prolonged GI toxicity secondary to chemo¬ 
therapy because malnutrition may adversely affect survival and quality of life. 

Generally, replacement fluids such as lactated Ringer's are administered. 
For dogs that are hospitalized within 36 hours of receiving cisplatin, 0.9% NaCl 

is the fluid of choice; if any active drug remains in the body, the high chloride 

environment is protective against the nephrotoxic effects of the drug. 

Metoclopramide (Reglan, Robins) is the author’s first choice for vomiting 

chemotherapy patients. This is a GI promotility drug that also has central anti- 

emetic effects via dopaminergic receptor antagonism. A constant rate infusion 

of metoclopramide at 2.2 mg/kg IV over 24 hours is preferable; however, in¬ 
jectable doses can be given at 0.05 to 0.1 mg/kg q 6 to 8 h 1M or SQ. Prokinetic 

effects of metoclopramide are particularly effective for GI toxicity secondary to 

vincristine administration because the dnig can cause hypomotility and ileus. 

For animals that have persistent vomiting despite therapy with metoclo¬ 
pramide, phenothiazine antiemerics such as chlorpromazine (Thorazine, 
SmithKline Beecham, 0.5 mg/kg q 6 h SQ) can be used. These antiemetics act 
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!. Place aseptic catheter. 

2. Begin IV fluids. 

3. Discontinue anticancer drugs: 

a. If receiving corticosteroids—gradual taper or consider physiologic doses de- 

currently being administered. 


pending on duration and 




4. Start empirical antibiotics: 

. Aminoglycoside or fluoroquinoline. 






b. Cephalosporin or extended-spectrum penicillin. 

. Treat until neutrophil count returns to normal and patient is clinically normal 

(usually 72 

6 Discharge with broad-spectrum oral antibiotics: 

Sulfadiazine-trimethorprim. 




h). 
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Id. Fluoroquinolone and penicillin or cephalosporin 


neutropenia period. It has been proposed that the administration of G-CSF to 

neutropenic patients that are already febrile might speed neutrophil recovery 

and reduce the overall duration of antibiotic therapy and hospitalization. How~ 

ever, data from human literature do not show a consistent and clinical benefit, 

so G'CSF is not recommended as an adjunct to empirical antibiotic therapy 

Also, currently only recombinant human granulocyte colony-stimulating factor 

(rhG-CSF) is available for use in veterinary patients. When administered to 

dogs, rht CSF will cause neutralizing antil >Jics to : , produced and ultimately 

neutrophil counts will decrease. However, this only seems to be a clinical prob¬ 
lem if prolonged courses (i.e., >3 weeks) of rhG-CSF are administered. 5 The 

author does recommend use of rhG-CSF (Neupogen, Amgen, 5 pg/kg q 24 h 
SQ) for veterinary patients that have been inadvertently overdosed and when 

the duration of neutropenia is expected to be* prolonged. 




WJ 




Jk. 


Cardiotoxicity is associated with the anthracycline drugs doxorubicin, epiru- 

bicin, and daunorubicin. Doxorubicin is one of the most widely used anticancer 

drugs in veterinary medicine. Although not precisely defined, a safe cumulative 

dosage range for doxorubicin in dogs is thought to be 180 to 240 mg/m 2 body 
surface area. However, cardiac abnormalities can occur in dogs that receive much 
lower doses. 6 Electrocardiographic, echocardiographtc, and histologic changes 

nave .ill been reported tn cats receiving doxorubicin. However, clinical cardiac 
disease does not seem to be a problem. 7 

I Mxorubicin-induced cardiotoxicity is classified into acute and chronic tox¬ 
icity. Acute cardiotoxicity is uncommon but may occur during rapid IV infusion 


Copyrighted material 





Hidden page 



Toxicology and Environmental 


1144 


to 


when using a generic doxorubicin nr 


] 


Hypersensitivity reactions related 
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to doxorubicin arc not imiTuinologically mediated; instead, the drug induces di 


rect mast cell degranulation and histamine release, 7 iiis can 

drug is given as a slow infusion (l mg/min) or with prerreatment with dexameth 
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ParkeT>avis, 2.2 mg/kg IV) 


I’aclitaxel contains Chrcmophor EL and etoposide contains polysorbate 80 
as vehicles to enhance water solubility. These carriers are 
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cause of hypersensiti vity reactions; however, the drugs themselves may also play 


a role. The exact 
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aware that reactions are not 


immunogenic and can occur after the first dose. 
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tentially life'threatening reactions with these drugs. 
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itis, urticaria, cutaneous ery 






thema, agitation, head shaking, facial edema, vocalization, injection sitediscom 


fort, and occasionally vomiting and diarrhea. This can progress to respiratory 

and collapse if medical intervention is not 
patient exhibits any signs that can he attributed to a hypersensitivity reaction 
after returning home, owners are 


distress, hypotension. 


treated immediately. If the reaction 
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immediately discontinued 


patient is in 

and treatment 

an animal develops a severe anaphylactoid reaction, treatment should also in 
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rored for response to therapy. If clinical signs do not 












i 














injections of diphenhydramine are recommended. 
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Toxicity affecting the nervous system in dogs and cats has been primarily assocl 
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in veterinary patients. 

Clinical signs of 5-FU toxicity include death, seizures, blindness, hyperex 

ataxia 
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. Because 5-FU is a component 

of solutions and creams used topical ly in human patients w ith cancer, 
ingestion may occur 

opment of toxicosis in dogs. 13 5-FU is absolutely contraindicated in cats due 
extreme sensitivity that leads to death. 
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This complication is extremely rare in veterinary patients, Cisplatin given at 

standard canine dosages w\W cause acute pulmonary vasculitis in cats. Cats will 
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electronic capable of measuring I ly temperatures ranging from 21.1 to 44 4 t' 

(70°~112°F). Each examination room should also include an otoscope with a 
variety of sued cones and a direct ophthalmoscope or indirect ophthalmic lens 

with a light source. To facilitate handwashing between each patient, a sink must 
be located in, or convenient to, each examination room. A radiographic view 
box must be located in, or convenient to, each examination room. 

I 1 1 e sue of r :ie examination room should be no smaller than 80 square feet. 

This will allow the veterinarian, patient, client, and assistant to move easily in 

the room. The room must be kept clean and professional and should be attractive 

in appearance. 
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A detailed, legible, individual record must be maintained for every patient. 
It is recommended that letter-sized records be in place or electronic data storage 

be used. These records serve as a basis for planning patient care and promote 

communication among members of the hospital staff and referring or regular 
veterinarian. The records furnish documentary evidence of t:ie patient’s illness, 
hospital care, and treatment and serve as a basis for review, study, and evaluation 

of medical care rendered by the veterinarian and the hospital. 








There must be an established system of medical record keeping within the 
veterinary emergency hospital. Each animal must have a separate medical record. 

However, the medical record for a litter may be recorded either on the dam's 

record or on a litter record until the individual animals are permanently placed 

or reach the age of 3 months. 

These records communicate valuable information; they must he legible. The 

patient identification used will follow through all areas of the hospital on other 

records (i.e., radiographs, laboratory, ultrasound, and necropsy records). All 
medical recon s will be kept long enough to comp ly with federal, state, provin¬ 
cial, or local regulations (usually 3-10 years). A copy of the medical record must 

be sent to the primary care veterinarian in a timely manner for inclusion in the 
patients medical record. The veterinary staff will record sufficient information 

in the history and examination portions of the record to justify the tentative 

diagnosis and to warrant the treatment. No prescribed coding is required, but 

the hospital director should require meticulous recording of information. Where 

abbreviations are used, application of AAHA standard abbreviations is encour¬ 
aged. The author of all medical record entries must be legibly identified (i. c., 

full name, code number, employee number, or initials). 

Each emergency hospital must maintain records in such a fashion that any 

veterinarian coming into the hospital may, by reading the medical record of a 

particular patient, be able to proceed with the continuity of care and treatment 

of this animal. Consent forms will be used when animals are admitted to the 

facility and will be considered a part of the medical record. 
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Drugs will only be dispensed or administered on the order of a licensed veteri 
narian. 


Eacl dose of any medication administered, dispensed, or prescribed will be 

recorded on the medical record, including usage directions, quantity, and number 
ol refills* Telephone calls changing medications or dosages also must be recorded 

on the medical record. If clients bring their animal’s medications to the hospital, 

these drugs should not he administered unless they can be identified. Orders to 
administer these medications should be given by the veterinarian in charge ot 
the animal. Any drugs that are not used should be stored and returned to the 
client on the discharge of the animal from the hospital. Hazardous medications 
(e.g., chemotherapeutic medications) will be handled in accordance with fed¬ 
eral, state, or provincial regulations. Drugs used in euthanasia procedures must 
be stored in a locked cabinet. It is recommended that these agents be* identified 

and segregated. 


Equipment must include cabinets or shelf units for storage of drugs and 

supplies; shelves for reference materials; clean surfaces for drug preparation; fixed, 
lockable units for safekeeping of all controlled drugs; and a refrigerator for those 

products that require refrigeration. Proper storage of drugs must not allow for 

an v cross-contamination, but it should permit all preparations to be readil and 
easily located. One of several storage systems may be used: alphabetical, by usage, 
or by type. All dispensed or repackaged medications must be in approved, child- 
resistant containers unless otherwise requested by the client or if the drug packag¬ 
ing precludes it from being dispensed in such a container. The container must 
in no way alter the drugs being dispensed and must be moisture resistant. 

Each pharmacy must contain at least one reference text, formulary, or com- 
pem ium of pharmaceuticals that is current (within 3 years) and provides the 

necessary information on drugs, chemicals, and biologicals in use within the 
hospital or dispensed for use by the client. Current antidote information should 

be readily available for emergency reference in addition to the telephone number 

of a poison control center. The client should be made aware of possible adverse 

drug reactions and the proper procedure to follow if problems should occur. Staff 
education about adverse reactions and contraindications for the use of all drugs, 
chemicals, and biologicals used within the hospital is encouraged. 






Clinical pathology services are necessary for the proper diagnosis and treat¬ 
ment of many diseases. Whether the procedures are performed within or outside 

the hospital will be determined by the services available, economics, proximity 
of the hospital to outside laboratories, and qualifications of such laboratories to 
handle animal samples. Ideally, when an outside laboratory is used, an American 
College of Veterinary Pathology diplomate should be affiliated with the labora- 
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Machines must be inspected in accordance with federal, state, 

provincial, or local regulations. Results of inspections must be posted. Hospital 

personnel must be made aware of the medical and legal importance of proper 
image identification and of organized storage of these imaging records. A special 
hie of images on specific conditions or examples of normal structures can be used 
for comparative and demonstration purposes. Use of skeletal models is encour¬ 
aged. If images are retained, they must he in compliance with federal, state, 

provincial, or local regulations. Images of patients must be identified properly 
and filed for easy location and retrieval 

An automatic processor must be well maintained and capable of 
good-quality film processing. A regular cleaning schedule should be established 

and documented. A regular maintenance schedule should be established and 

documented. 
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An imaging log must be maintained and must include the fol¬ 
lowing information: date, owner and patient identification, area imaged, views 
taken, and technician/veterinarian identification. I lie other factors logged 
should include the following: species and breed, date of birth or age, time, kVp, 

mA. thickness of the area radiographed, use of a grid, and level of sedation 

(awake, sedated, anesthetized). All films taken must show evidence of collima- 
tion. Lead gloves, aprons, and thyroid collars (shields) must be tested yearly for 
effectiveness. 
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Cassettes loaded with film must be stored in a manner to protect them from 

unintended exposure. Two or more of each size of cassette used should he avail¬ 
able. Radiopaque characters will be used to identify right (R) and left (L) sides 

of the patient. Permanent identification of each image is required and must occur 
prior to processing. Minimal image identification must include date, patient 

identification, and hospital identification. Additionally, owner name and patient 

date of birth or age should he included. 

Measuring calipers to determine accurately the thickness of the part being 
radiographed must re used to reduce nondiagnostic exposures. All personne 

must wear protective apparel while in the room during exposure. Protective 
equipment must include leaded aprons, gloves, and thyroid collars (shields). Ar 
least two aprons, two pairs of gloves, and two thyroid shields must be available. 

They must be in safe condition and properly cared for to ensure a reasonable 

life. All protective apparel must meet federal, state, provincial, or local regula¬ 
tions. Proper safelights with lamps of correct wattage must he mounted at the 
recommended distance from work areas. The color of safelight filters depends 
on the type of films being used. 
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The hospital must have the capacity to generate qual¬ 
ity radiographic images on the premises. All regulatory agencies require a total 

of 2.5 mm of aluminum equivalent filtration in the x-ray beam. It must be within, 
above, or part of the collimator. The x-ray machine, generator, tube, and tube 
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A separate room for aseptic surgical procedures must be provided. 


Surgery: The act of incising living tissue; an operative procedure; and/or a 

room or facility where an operative procedure is done (i.e., the operating 
room). 

Aseptic surgery: Surgery performed in ways or by means sufficiently free from 

microorganisms so that significant infection or suppuration does not occur. 

Minor surgery: Any surgical intervention that neither penetrates and exposes 
a body cavity nor produces permanent impairment of physical or physiologic 
function. Examples are superficial wound suturing and cutaneous biopsy. 
Major surgery: Any surgical intervention that penetrates and exposes the 
body cavity; any procedure that has the potential for producing permanent 
physical or physiologic impairment; or any procedure associated with extent 

sive transection or dissection of tissue. 
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All surgeries must be performed by a licensed veterinarian. 

A standard, accepted procedure must be used to 
prepare the patient for surgery. All personnel assisting in the presurgical prepara¬ 
tion of the patient must be aware of the danger and sources of bacterial contami¬ 
nation. They must be adequately trained and under the direct supervision of a 

veterinarian. 
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Surgical assistants and the surgeon must be properly attired 

with cap, mask, sterile gown, and sterile gloves when major surgery is performed. 
Surgeons, surgical assistants, and operating room attendants will wear a surgical 
cap and mask at all times while in the surgical suite. All scalp and facial hair 

must be completely covered by the cap and mask. Operating room attendants 
should remain outside of the sterile field. The sterile field is the area above the 

sterile drapes on the operating table and adjacent instrument tra vs. The sterile 

field extends from the edges of these drapes in a vertical plane to the ceiling. 

Surgical procedures require the use of sterilized instruments, gowns, 

towels, drapes, and gloves as well as clean caps and masks. Sterile surgical packs 
will be used for each patient. Surgical packs must !>e steam or gas sterilized. A 
regular maintenance program for autoclaves and other sterilizing equipment must 

be instituted. Employee training must be adequate for the proper operation of 

the equipment and awareness of any malfunction that may occur. When gas or 

steam sterilization procedures are used, sterility indicators will be in evidence 

on the exterior surface of each unit. When large surgical bundles (gowns, drapes, 

instrument packs) are sterilized, monitors that verify appropriate steam tempera¬ 
ture and time must be used in the center of each pack. A pressure of 15 lb at 
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The subspecialty of intensive care medicine has grown in sophistication in re* 

sponse to demands from the public and from within the profession. With increas¬ 
ing public education about advanced techniques now available for patient care, 

and with the expanding accessibility of monitoring and therapeutic equipment, 

it is clear that the CCU is poised to become a fixture in referral veterinary hospi¬ 
tals of the future. Specialists in other fields, particularly surgeons, realize that 

the availability of a well-staffed, well-equipped, state-of-the-art CCU can en¬ 
hance their success and can permit them to pursue more challenging cases, while 

concurrently decreasing the demands on their time for the postoperative care 

of their sickest patients. It is also becoming evident that the CCU can more 
chan support itself financially and could be a significant income source for the 

specialty practice. 

It is true to say that you can have the best equipment and physical set-up 
in the world, but if you do not have the right staff, then you do not have a 
CCU. As CCUs become a desired part of academic veterinary hospitals and 

specialty practices, the need for a thoughtful staffing plan becomes paramount. 
Before considering the issues involved in staffing, it is necessar to define what 

we mean by the term “critical care unit.” The small animal CCU and its staff 
should ideally: 


Focus on the sickest patients, predominantly high-risk medical and surgical 

patients 

^ 1 crate 24 hours a day, V days a week 

Be equipped to provide optimal state-of-the-art monitoring and therapy 
Be prepared to accept referrals of critical patients and new patient admissions 

at any time, and he prepared for all possible immediate crisis needs of patients 

in the unit 

Prioritize communication wit I m the CCU staff, a d between the GCU staff 

and the admitting doctors, clients, and referring veterinarians 


The unit specifically dedicated to critical/intensive care differs from the 

emergency room in that there are fewer non-life-threatening emergency pa 

tients, and therefore less dilution of staff away from critically ill cases. In compari¬ 
son with the emergency room, there is usually a much smaller caseload. Along- 
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term (days, maybe weeks) focus on individual patients blends the immediate 

need to stabilize and support body systems with the requirement to establish a 
concrete diagnosis. During the course of a pet's CCU stay, strong bonds often 

develop between the clinical start and the pet owner, bearing in mind that own* 
ers of t a 'll patients tend to be extremely committed, dedicated, intense, and 

willing to commit tremendous financial and emotional resources to the care of 
their critically ill dog or cat. The clinical course of the small animal CCU patient 
is often complex, dynamic, frustrating, and extremely challenging. 

The staff of the CCU consists of a team of doctors and nurses working 
together side by side. It is impossible to overemphasize the importance of a well' 
trained nursing staff in the smooth running of the unit. The nursing staff must 
implement most aspects of patient care and should be encouraged to demonstrate 

initiative and a logical, critical thought process. Effective and timely communi' 
cation between clinicians and nurses is therefore a vital component of patient 

care in the CCU. Every effort must he made to include nurses in the decision' 
making process and to communicate the rationale behind treatment decisions. 

When making decisions about staffing the CCU, a number of issues must 

be considered: 






Is 24'hour stiffing necessary? 

What is the ideal staff/patient ratio? 

Should staff be specially certified/trained? 

Should residents/trainees be used for staffing? 

What is the best way to retain qualified staff and prevent burnout? 
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Because CCU patients are the sickest, most heavily instrumented, most dynamic, 
and at the highest risk, it is axiomatic that the CCU must be staffed with nursing 

24 hours a day. These are not patients that can be left unattended overnight. 
The need for veterinarians to be physically present 24 hours a day varies with 
the type and number of cases. In general, if the veterinarians* shifts do not extend 
through the full 24'hour period, then a veterinarian must be available at all 

times to answer questions and respond to changes in clinical status of patients 

immediately. Although many questions can be answered on the telephone, it is 
often necessary for the veterinarian to return to the CCU if a change in the 

patient s condition mandates a doctor’s attention immediately. 

The ongoing demands of these patients around the clock tend to create a 

high stress level for the clinician in a CCU that is not staffed with qualified 

doctors 24 hours a day. By definition the CCU clinician is responsible for criti¬ 
cally ill patients whose conditions can change unpredictably within minutes or 

hours. Frequently, a long workday is followed by a night of interrupted sleep 

troubleshooting changes in a patient’s condition. Although many CCU clini¬ 
cians are “adrenaline junkies,” this lifestyle inevitably takes its toll, often re- 

suiting in burnout. In addition, the absence of an overnight doctor can add 
considerably to the stress of the night shift nurses, who must cope on their own, 
and may feel guilty if circumstances require frequent calls to the doctor during 
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Certification by AVEGCT is a mec nanism of validating the knowledge and skills 
required for the competent practice of veterinary emergency and critical care 

nursing. AVECCT is the first veterinary technician specialty organization to be 
recognized by ti e North American Veterinary Technicians Association. Tire 

veterinary technician who becomes certified by AVECCT' as a Veterinary Tech¬ 
nician Specialist (Emergency and Critical Care) demonstrates superior knowl¬ 
edge in the care and management of d^ie critically ill patient. Candidates must 
meet extensive experience and credential requirements to qualify for AVECCT 
certifying examination. Furtl ter information may be obtained from the AVECCT 

website at http://veccs.org/technicians/index.cfm. 
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There is a significant temptation to solve staffing problems by using residents or 
trainee nurses as a means to cover hours. The advantages of this approach 
that residents can often be hired relatively inexpensively compared with board- 

certified specialists, and there is usually a large pool of excellent candidates 
applying for entry into residency programs. The presence of one or more residents 

can stimulate discussion, growth, and ongoing learning within a group. Individu¬ 
als graduating from a residency program can provide a pool from which to hire 

qualified t '0J staff in the future. 

Although this solution to the staffing problem seems attractive, it also has 
some drawbacks. Most importantly, the residency training program is definitively 

a training position, and during at least the first half of the program residents 

require significant reaching time from the supervising clinician before becoming 

a staffing asset. The requirements for a residency in ACVECC are quite rigidly 
structured, including significant overlap of clinical duty with the supervising cli¬ 
nician, daily rounds, and weekly didactic sessions. 4 These requirements therefore 
limit the usefulness of residents for covering hours and can add to the workload 
of the supervising Diplomates. 

Thus, residents should only be used as a means of staffing if the supervising 
clinicians are willing to devote a considerable amount of time to teaching and 
discussing cases and the literature. This is emphasized in the ACVECC Training 
and Application Guidelines, which state that: 44 A Residency Training Program in 
the American College of Veterinary Emergency and Critical Care is an intensive 

postgraduate training program, designed to prepare an individual for Examina¬ 
tion for Board Certification in this Specialty, and for a career as a specialist 

in Emergency and Critical Care.” The goals of the residency training program 

include 4 : 




Development of a critical thought process and use of the problem-based ap¬ 
proach to patient care 

Development of clinical skills and expertise in emergency and critical care 

Development of a critical understanding of the current veterinar and human 

literature and proficiency in library research skills 
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Demonstration of an ability to teach, communicate, and effectively present 
information 

Demonstration of exceptional ethical standar ds and ability to act as a profes¬ 
sional role model 
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The CCU is a place where the staff often work hard, take their work home with 

them, and experience intense “highs” when they pull off 
lows” when all of their best efforts 


balanced by 

ah > highly 

stressed, often distressed or aggressive because they are under intense strain, ami 

this further adds to the difficulties of working with critically ill patients. The 
more stressful the environment, the more likely that burnout will occur, and the 

higher the staff turnover rate. Recent studies of cortisol levels in human CCU 

physicians and nurses revealed that cortisol levels were often high even th High 

the staff did not have a conscious perception that they were stressed. 6 Interest¬ 
ingly, the stress response did not abate until individuals had more than 8 years 
of experience. It is likely that the same findings would be true in the veterinary 

CCU. 
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Staff stress can be managed and minimized by attention to the following 


measures: 

Adequate staffing to ensure that veterinarians and nurses all feel that they 

can do a good job taking care of every case for which they are responsible. 
Because the CCU staff is exceptionally devoted to the care of the most needy 
patients, the staff is likely to experience a considerable amount of stress if 

they are too busy to do their best for each animal. Clearly, the unit cannot 

always be staffed to cope with occasional exceptionally busy times, but efforts 

should be made to ensure that the unit is adequately staffed to cope with a 
typical number of patients, most of the time. Adequate numbers of nurses 

should be scheduled to achieve optimal coverage for projected nurse/patient 
ratios. Ideally, at least one of those nurses per shift should be specialty trained 
or AVECCT certified, especially during training of new nurses. The addition 

of minimally qualified personnel or volunteers, who can keep on top of tasks 

such as cleaning and stocking can help to protect the time of the qualified 
nursing staff, freeing them to focus on patient care. Using on-call or short- 
notice staff during exceptionally busy times or unexpected staff absenteeism 

may also ameliorate stress. 

Adequate time off and reasonable hours are a priority in dealing with staff 

stress. Clinicians and nurses may have invested many hours in one individual 
patient, and it is important to ensure that qualified patient care providers 
are available to take over when they leave. Knowing that the animal is in 

trusted hands allows clinicians and nurses to leave their patient concerns at 

work, rather than taking them home. Scheduling presents an opportunity to 
he p manage staff stress. Many people prefer to work longer hours (10-12) 

per shift to have longer breaks between work “weeks.” Others (with child 
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care issues, for instance) may prefer 8-hour shifts. Although overnight shifts 

are undesirable to many, some may prefer and thrive in that shift. Individual 
needs for flexibility may be accommodated so long as the overall needs of 

the unit are not compromised. No individual should be scheduled to work 
longer than is reasonable to expect effective productivity. If shift rotation is 
necessary, it should be done slowly by phase delay (morning to afternoon to 

night) rather than phase advance (night to afternoon to morning). 3 Main¬ 
taining consistency while incorporating 8-, 10-, and 12-hour shifts with or 

without rotations, presents a creative challenge, but is rewarded by increased 
productivity of a satisfied staff. 

An open forum must be available for discussion of problem patients or situa¬ 
tions, to promote communication and help to resolve misperceptions regard¬ 
ing patient care decisions. Simple misunderstandings can often build into 
serious problems that could have been easily resolved if they had been ad¬ 
dressed right away. Facilitating communication between shifts is imperative 
to keep the team unified and focused on common goals. Mechanisms for 

facilitating inrrashift communication include e-mail, a communication log 

or message 1 ird, and regularly scheduled meetings. 

Provision of ongoing training and continuing education. This is of particular 
importance for the nursing staff, to ensure that stress is not resulting from a 

lack of knowledge of disease processes, protocols, equipment or a lack of 

understanding of management strategies. For example, management of a ven¬ 
tilated patient can be a stressful prospect for a nurse who is not comfortable 
making decisions about ventilator settings, but satisfying for a well-trained 

nurse who is comfortable and challenged by this type of patient. Attendance 

at high-quality continuing education presentations obviously allows career 

development but also promotes networking with colleagues in the same field, 

facing the same problems. 








1. American College of Veterinary Emergency and Critical Care Constitution. Avail¬ 
able on-line at http://vecc«4J ^/acvecc/bylaws.html. 

2. Academy of Veterinary Emergency and Critical Care Technicians Constitution and 

Bylaws. Available rhrough the Veterinary Emergency and Critical Care Society. 

3. Battaglia A, ed.: Small Animal Emergency and Critical C are: A Manual for the Vet¬ 
erinary Technician. Philadelphia: WB Saunders, 2001, p 343. 

4. American College of Veterinary Emergency and Critical Care Training and Applica¬ 
tion Guidelines. Available on-line at http://veccs.org/acvecc/guidelines.html. 

5. Brae ken ridge S: Stress: causes and consequences; Stress management and coping 

techniques; and Alleviation of stress in veterinary critical care. In Proceedings of the 

International Veterinary Emergency and Critical Care Symposium, San Antonio, 

TX, 1996, p 369. 

6. Fischer JE, Calame A, Dettling AC, et al.: Experience and endocrine stress responses 

in neonatal and pediatric critical care nurses and physicians. Crit Care Med 28:3281, 

2000 . 
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Section XII I The Veterinary Critical Care Unit 

The facilitator should take note of who has volunteered for projects, and encour- 
age those who have n< >r volunteered to do so. By the end of the problem-solving 
session every person should have at least one task to work on. Encouraging pe< >[ le 
to work in pairs or groups on larger tasks further enhances team-building. As 
stiff members work on their tasks and feel the importance of their involvement 

in the practice, they become more invested in solving the practice’s problems. 

After “little or no cost” items have been discussed, the group prioritizes 
“significant cost” ideas. After the retreat, the practice owner or manager is pri¬ 
marily responsible for budgeting and purchasing “significant cost” items as funds 

permit. Purchasing prioritized equipment shows employees that their ideas and 

input have resulted in tangible improvements in the practice. 


Follow-up is a crucial part of strategic planning. One staff member volun¬ 
teers to compile all of the information generated from the “significant cost” and 

“little or no cost” lists, with task, names, dates, and so forth, and presents a copy 

to each employee at the next staff meeting. At that meeting and every meeting 
thereafter, someone (usually the practice manager or owner) asks the following 
questions of each “Little or no cost” goal: 


I low is this task coming along? Is it completed? (If completed, put a big 
check mark by it, and have everyone applaud!) 

What is getting in the way of completing this task 7 What information or 

resources do you need to complete it? Is there anything you need from me? 

Who will help (name of person who volunteered to do the task' do this? 


The manager/owner then reports on the status of each “significant cost” goal. 
Providing consistent follow-through on tasks demonstrates to employees that 
their efforts are valuable and subsequently encourages involvement in future 
projects. This highlights the importance of regularly scheduled meetings (Table 

85-2 lists ideas). A thank-you note sent by the manager/owner for exceptional 

efforts further reinforces feelings of employee appreciation and engagement. 

Thoughtfully implemented strategic planning improves employee engage¬ 
ment in the practice, as well as communication and initiative. Although strategic 
planning can serve as a profit building activity, it can also significantly enhance 
teamwork—the cornerstone of effective functioning in emergency and critical 

care environments. 


Conflict in the workplace is a fact of life. In critical care settings; staff conflict 

is not only inevitable, but if is often exacerbated by the stressful nature of the 

work. No one can prevent conflict from occurring—it is the natural result of 
different people, personalities, genders, ethnicities, backgrounds, educations, and 
cultures interacting on a regular basis. What can be controlled is how conflict 
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cycle and eventually develop negative beliefs about one another. In actuality, 

both Jennifer and Bob could take actions that would “break” this problem cycle. 

Cycle breakers for Bob might be asking Jennifer how she usually handles it and 

sharing what he sees as the key aspects of the procedure (A), recognizing that 

there may be more than one way to conduct a procedure and anticipating indi- 

vidual differences (B), or giving Jennifer encouragement and constructive feed' 

;>ack instead of tak ing over (O. Cycle breakers for Jennifer might include asking 

Bob to review what he thinks are kr aspects of the procedure and agreeing on 

a method (D), soliciting feedback but requesting that Bob allow her to conduct 

the procedure (E), sharing her frustration with Bob in a constructive manner 
(F), or asking Bob for responsibility in an area in which she feels more compe¬ 
tent (G). 


In the second problem cycle (Fig. 85-2), a clinician and technician are in 
conflict regarding management of a patient’s pain. The technician thinks the 

animal is in pain and that medication should be altered. The clinician disagrees 

with the technician, and inadvertently minimizes the technician’s concern. The 
technician then avoids interacting with the clinician. Cycle breakers for the 
clinician include requesting the technician’s input as the animal is recovering 

(A), asking the technician for more detailed information when the technician 

expresses concerns (B), taking the time to share his rationale with the technician 
and engaging in discussion (Ch and seeking continuing education on pain man¬ 
agement for himself and staff (D). Cycle breakers for the technician include 
gently but directly telling clinician how her concerns feel minimized (E), seeking 

continuing education on pain management and offering to present material 
gained to rest of staff (F), and suggesting regu ar case rounds in which technicians 

and clinicians can collaboratively engage in treatment planning (G). 
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Gender is becoming increasingly recognized as contributing to conflict in 

workplace settings. Whether or not gender roles are innate or learned continues 
to be debated in the social sciences. Research does suggest that the differences 

between men and women 


less pervasive than the portrayal in the popular 
media, and that notable with in'gender variabili r y exists. 14 However, stereotypical 

gender traits often exert a subtle influence, especially in relational contexts in 

the home or workplace. Stereotypical masculine traits include being self-reliant, 
assertive, a leader, a risk-taker, dominant, individualistic, competitive, ambi¬ 
tious, 15 in control, and unemotional (except displays of anger). 16 Stereotypical 
feminine traits include being yielding, sensitive to the needs of others, under¬ 
standing, compassionate, soft-spoken, gentle, 15 relationship focused, covert, pas¬ 
sive/* caretaking, and nurturing. 

In an ideal setting, veterinary professionals would refrain from reinforcing 
stereotypical gender behaviors, and instead allow each individual a full range of 

emotions, behaviors, and opportunities. However, veterinary professionals and 
staff will vary widely in their adherence to or divergence from stereotypical gen¬ 
der behaviors. Traditional beliefs can be surprisingly influential. Take, for exam- 
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You have likely seen it hundreds of times in your professional life. You look into 
the eyes of a person who loves a companion animal, and you see the essence of 

the human-animal bond. The veterinarians who share in the power of this bond 
understand what they are witnessing—friendships that transcend time and a 
love and loyalty unlike any other. In recent decades, veterinarians have seen 

rhe relationships between humans and animals intensify in response to societal 
changes within family structures and support systems. Divorced, widowed, never- 

married, and childless people make up arger segments of the population in west¬ 
ern society than ever before. For many children and adults, companion animals 

a primary source of emotional and social support. Pets are often thought of 
as children, best friends, partners, confidantes, as well as sources of unconditional 
love and companionship . 1 At our institution, these highly attached pet owners 

are called “bond-centered families /" 2 

According to marketing studies, veterinarians are most often compared to 
pediatricians, because they both care for the most helpless members of the f am¬ 
ily—those who cannot speak or make decisions for themselves . 3 As a result, vet¬ 
erinarians are considered to be part of a family's “health care team" (eg., pedia¬ 
trician, family physician, family dentist, family veterinarian), and veterinarians 
find themselves having to care for the human family members as well as the 

pets. This is the essence of “bond centered practice /" 4 that is, comprehensive 

veterinary care that goes beyond the level of quality medicine. A bond-centered 

practice is one in which the medical needs of animals and the emotional needs 

of owners are simultaneously addressed. 

Given the deep attachments in these bond-centered families, it is no sur¬ 
prise to find that amidst a pet's critical illness, injury, or death, you see not only 
an animal in a medical crisis, but a pet owner in an emotional crisis. Because 
most veterinary schools offer little or no training in human crisis intervention, 

this chapter discusses the basic ideas and strategies that you can use when helping 
clients with the crisis-related situations encountered in the emergency setting. 


Hi. 


Mi 
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You know the daily challenges of working in critical care settings. Unpredictable 

work hours, going from calm to crisis in a matter of seconds, and experiencing 


Copyrighted material 






XII I The Veterinary Critical C 


Unit 




i 




[Mi 


at: 


I 




A 


emotional highs and lows .ire .ill part of the territory. Added to that is the stimu¬ 
lus overload (lights, alarms, animals vocalizing) and people experiencing emo¬ 
tions in a heightened state of arousal All of these factors contribute to a work 
environment that is primed for stress. Communicating effectively with clients 
in this type of setting requires skill and commitment. The goal is to intervene 
quickly, decisively, and calmly. To effectively assist a person in crisis, it is impor¬ 
tant to understand how crisis affects human behavior. 
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Although some people function effectively in a crisis, many respond in ways 

that can be upsetting and frightening to watch. Common characteristics of crisis 

include feeling panicked, angry, confused, or out of control; having difficulty 

recalling information; and experiencing distortions in time and having tunnel 
vision. People in crisis may experience a breakdown in their normal coping 

mechanisms. It i> not unusual for a person in crisis to display symptoms of shock, 
anger, anxiety, and even hysteria. Some people in the acute stage ot a crisis can 
display intense emotion and erratic behavior, and become demanding, unreason¬ 
able, or obnoxious. 5 Clients may even disclose irrelevant personal information 
to gain leverage, attempting to elicit greater empathy from others so they will 

work harder to create the desired outcome. These behaviors 

scious and are not meant to be manipulative; rather, they are evidence of intense 
feelings of desperation. 

Additionally, many people in crisis experience feelings of grief and loss (or 

the anticipation of loss). Grief affects people in a variety of ways and can manifest 
itself on many levels -intellectual, emotional, physical, social, and spiritual (Ta¬ 
ble 86-1). It is important to note that grieving people, like those in crisis, can 

appear irrational or difficult. Understanding the ways in which grief affects your 
clients will go a long way toward helping you to communicate and support them 

with their emotions. Once you have the sufficient knowledge to understand why 
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Although grief r 

dictable manifestations of grief before, during, and after the loss. 

: crying, numbness, a lump in the throat, stomach ache or nausea, over 

whelming fatigue, sleeping disturbances 

Intellectual: denial, inability to concentrate, confusion, hallucinations, or 

to reminisce 


differ from one person to another, there are many pre 












desire to blame others 

r dependency on others or rejection of others 

Spiritual: bargaining with God to prevent loss or renewed or shaken religious be¬ 
liefs 


Emotional: sadness, anger, depression, guilt, anxiety, or 

; isolation, alienation 
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Adapted from Lagoni L, Butler C, Hem S: The Hu man-Animal Bond and Grief. Philadelphia: 

Saunders, If94. 
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Clients need to be given permission to do what is important for them at 

the time of euthanasia, such as spending time alone with their pet (when possi¬ 
ble), offering their pet a treat or a drink, saying a prayer, talking to their pet, 

or placing their pet on a special blanket or pillow. These simple rituals not only 
help to create a sense of ceremony, but also allow clients to combat feelings 

of helplessness, guilt, and being out of control. Clients can also be offered the 
opportunity to create a “linking object” either before or after the animal's death, 

sue); as clipping .1 tuft - *f fur or obtaining a clay impression of the animal's paw. 

As the name implies, items such as these help “link” the person to their pet 
long after the pet is gone. 

If the animal must be euthanized in the CCU, a calm environment is more 

challenging to create. However, several measures can be taken. Minimize the 

number of people in the unit, and restrict access to the area as much a possible 

during the euthanasia. Radios or stereos should he turned off, and the critical 
care staff that must remain in the unit or are involved in tae euthanasia should 
be encouraged to speak in low tones. Medical equipment can be minimized or 
covered up if appropriate. Regardless of where the euthanasia is performed, take 
care of consent forms, financial payments, and body care arrangements before 
the procedure whenever possible. 

Following euthanasia, you can continue to facilitate a peaceful atmosphere. 

If the pet is euthanized in the CCU, offer the client a chance to spend time 

with their animal's body in a more private space. You can also ask clients to 
share special memories or stories. It is normal during such sharing for both you 

and your clients to feel emotion and respond accordingly. Clients typically 
the tears . r the veterinary team as validation of the uniqueness of their animal. 
Be aware that clients may express a broad range of thoughts and feelings and 
you may observe different reactions among family members. Remind clients that 
they did all that they could for their animal, but do not try to talk them out of 
feelings of guilt or remorse. 

When clients leave, escort them out a back or side entrance if possible and 

when available, have a staff member remain with the pet's body until the client 
leaves. Clients almost always look back one last time, and when they see a 

friendly face petting their animal they are assured that their pet will be treated 
respectfully. If clients choose to stay until their pet's body is placed on a gurney 

or removed from the site, prepare clients that their animal's body will be limp 
when picked up, and take care to support the animal's head and move it gently. 

If a client is taking the animal’s body, arrange the animal's body in a natural 
sleeping position, clean up bodily fluids, and tuck the tongue back into the 
mouth. You may even put tissue glue on the lower eyelids to keep the eyes shut. 
Clients generally prefer a cardboard box rather than a plastic bag if caskets are 

unavailable. 
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Sudden death can occur soon after an animal arrives in the CCU or after 
a considerable stay. When there is no established rapport with clients and their 
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animals die on arrival or within minutes after arriving, it can be particularly 
challenging for both you and your clients. It can be distressing for clients to 
have critically injured or ill animals taken from their arms and rushed away. You 

are likely to feel tom during these moments, wanting the owner to have time 
with the dying animal, but also feeling that the client's presence may pose a 

chal enge to your job performance and the life of the animal. It is hel; ml to 

enlist the help of other staff to move clients to a private space and to give them 

as much information and decision-making power as possible. 

When informing clients about the death of their animal, several steps can 

be taken. You should mentally prepare yourself for any response from the client, 

such as shock, anger, guilt, or hysteria. In a quiet place, give them a brief prepara¬ 
tory statement, such as, “Mr. and Mrs. Brown, 1 have some bad news that will 

i-£ upsetting tor you to hear.” Then, give them the basic facts, telling them of 

the death up-front: “Biscuit has died. We performed CPR for 15 minutes and 
were unable to resuscitate him. I am so sorry.” Do your best to absorb client's 

emotional responses without becoming defensive, hurried, or overly responsive. 
Instead, say things like, “1 can imagine how hard this is,” or “I know this is all 
overwhelming right now.” You can offer more medical details then, or at a later 
time, anti help clients mobilize their personal support system by suggesting that 

they call a supportive friend or family member 

When an animal has been in the unit for a day or more and then arrests 

or is found dead in the cage, owners often have to be called in the middle of 

the nig u or tracked down during the Jay. When delivering bad news over the 
telephone, it is important for you to be in a relatively quiet place. Do not leave 

notification of death on voicemail, or deliver the news to someone other than 
the owner(s) (e.£., a secretary, coworker, or other relative). If you are calling a 

client at work, ask if it is an appropriate time. It can he helpful to give clients 

the option of hearing the news over the telephone or in person, saying, “Mrs. 

Brown, I have some news that will be upsetting to hear. Would you like me to 

tell you over the phone, or do you want to come into our clinic? 1 ' Most clients 

want to be told right then, l it this gives them a choice and also a few seconds 

to prepare themselves for the news. 

In either situation, once clients have been informed of their animal's death, 
they should be given the option of spending time with their animal's body in a 
private space. If possible, some clients may also want to 

are i in which their animal died. A vain, if is important to arrange the body 
peacefully on blankets or pillows and to prepare owners for what to expect. Cli¬ 
ents also appreciate you offering objects such as a clav imprint of the paw, the 
collar, or a clipping of fur. 


the CCU and the 
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Research in the human medical arena suggests benefits from family presence 

during resuscitation. 7 Family members who were present during such efforts re¬ 
ported that, in addition to feeling that they have the right to be there, being 

present provided them with relief from wondering what was happening, allowed 
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The sweat rolled down her forehead as she manually massaged “Jake's” heart. 
Dr. Criticare had not wanted to crack “Jake’s” 15-year-old chest, hut, felt she 
had no other choice since the hospital staff had been unsuccessful in contacting 

“Jake’s” owner. This had heen “Jake’s” third nnvin with an automobile since he 
had been a young dog. He just could not get enough of those tires. Despite 
“Jake’s” grave prognosis and apparent pain, Dr. Criticare proceeded with her 
CPR efforts even though “Jake” was not likely to recover from this latest confron¬ 
tation with a bumper. 

Advanced directives and do-not-resuscitate (DNR) orders 


two forms of 

directives chat guide human health care providers as to the type and extent of 
medical care that should be provided to patients. Although rarely used in the 

veterinary clinical setting, such directives would allow pet owners to specify the 

type of medical care, if any, that should he provided to their pets in the event 

of at i accident or life-threatening condition. Additionally, the use of directives 

would relieve some of the burdens experienced by veterinarians faced with mak¬ 
ing difficult decisions as how to proceed with the care of patients when there 
are no clear instructions from clients who are unavailable to make decisions. 


hh 


Having owners consider the use of directives before the onset of an emer- 
gency allows more time to for them to think about the ethic 1, emotional, and 

financial ramifications associated with the consequences of rheir decisions. This 
is especially the case for owners who have a strong relationship with their pets, 

because they are likely to have the most difficulty grappling with these complex 

issues and making an informed decision as to what is the most appropriate course 

of medical treatment. Veterinarians who initiate discussions addressing the use 
of advanced directives can get owners to think about their pets' health, which 
ensures against impulsive and emotionally charged decisions that may not be in 
the best interests of the pets or owners. 

The authors are not aware of any laws addressing the use of directives tor 

veterinary practitioners, but, most states do have laws, known as right to die 
statutes, that set forth the scope and procedural requirements that apply to these 

directives in the human context. Although these laws do not regulate the veteri¬ 
nary community’s use of advanced directives and DNRs, they could serve as 
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s Name 


Pet's Name: 


EFFECTIVE DATE: 


I, the undersigned owner of the pet identified above, certify that I am over 

and make this statement as a directive to be followed if, for any 


18 years of 

reason, I become unable to participate in the decisions regarding the medical 
of my pet. 






Ml 


I direct that if in the opinion of the attending veterinarian, my pet s medi 

cal condition becomes such that: 


My pet's medical condition is terminal and hopeless, or death is imminent; or 
2. My pet is in a 

. My pet is suffering and it would be inhumane to keep my pet alive; or 
. There is no reasonable expectation that my pet will recover and regain a 

meaningful quality of life; or 

. My pet is in the terminal stage of an irreversible fatal illness, di 




of permanent unconsciousness; or 




M 


or condr 

tion; then, I direct that further treatment by life sustaining procedures, meth¬ 
ods and devices involving further therapeutic or emergency car 

and withdrawn. I further direct that all treatments be limited to comfort and 


withheld 






pain management measures only, even if they shorten my 


t's life. 


<12 


The life-sustaining procedures, methods and devices, and therapeutic or 

withheld and withdrawn, include, without limitation: 


emergency care that shall 

surgery, antibiotics, cardiopulmonary resuscitation, respiratory support or life- 

sustaining treatment, and artificially administered feeding and fluids. 


i : 


I hereby r 


any veterinarian or hospital from any legal liability for hon 

oring this directive, and declare that any such veterinarian or hospital is acting in 
accordance with my directions. 


CHS 




■ Ml 1 * 


Being of sound mind, I voluntarily execute this order, and I fully under 


stand it 


Owner's Signature 


D ate 


Owner's PRINTED name 


so. Because these agents are appointed to substitute in their judgments for that 

of the patients, they usually are spouses, children, or close family members or 
triends who know the patients well and, therefore, are likely to arrive at the 

same medical decisions as ti e patients. This delegation to another is not direct 1. 

relevant in the veterinary context, because it is not the pets but rather the owners 
who control the medical care delivered. Nonetheless, owners could delegate their 
rights to make such decisions to others whom they feel could make the appro¬ 
priate decisions for their pets. 

In the human context, if there \> a dispute as to whether an agent’s medical 
decision should be carried out, a court or governmental body may review the 
substituted decision to ensure that it is in fact in the best inrerests of the patient. 
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Such judicial or governmental scrutiny is unlikely to occur in the context of 
pets in the near future, because animals are still considered to be property and, 

as such, have no protectable rights. The only exception to this rule would be if 

the medical decision was considered to lead to cruel and inhumane treatment. 

Table 88'2 presents an example of a medical power of attorney. 


v 


k 1 


Ekvnot'resuscitate orders or DNRs instruct health care providers not to perform 

cardiopulmonary resuscitation or any other life'sustaining techniques to prolong 
a patient’s life. Whereas advanced directives are written by patients, usually be' 
fore they become ill, DNRs are directives issued by attending physicians after 
certain criteria have been met. Typically, before physicians will issue DNRs, 

patients must be terminally ill or afflicted with medical conditions for which 

resuscitation would be unsuccessful or harmful to the patient. Resuscitation ordi' 
narily includes the full range of cardiopulmonary resuscitation techniques, in' 
eluding (1) establishing am maintaining an airway, (2) cardiac compression, (3) 
defibrillation, and (4) administrating cardiovascular medications. Unsuccessful 

resuscitations are those that are unlikely to be effective or, if effective, make it 

probable that the patient’s medical condition will result in another caidii^pulmo¬ 
nary failure shortly thereafter. In determining whether a resuscitation would be 
harmful, physicians, patients, and family members weigh the pain and suffering 

experienced by the patient with the likelihood that the resuscitation would be 

successful and lasting. 

Before a DNR can he issued, attending clinicians must first have received 
consents not to resuscitate pets from their clients or clients’ agents, and such 
consent must be noted in the medical record if no separate form is available. 
The consent must be informed, which means that the client has been apprised 
of (1) the reasons for the DNR and its consequences, (2) which treatments will 

be withheld, and (3) the availability of alternatives and their consequences. 

Additionally, clients should have had opportunities to ask questions and have 

been offered opportunities to seek second opinions. 

As with advanced directives, the basis for using DNRs is to ensure that 
patients’ wishes are honoied and that their lives are not unnecessarily and pain¬ 
fully prolonged. Pet owners may wish to exercise similar prerogatives for their 

pets and those veterinary hospitals that provide clients with DNRs will not only 

provide clients with opportunities to become more involved in the critical health 

care decisions of their pets, but also, reduce the incidence of misunderstandings 

f rom mismatched expectations. More importantly, the use of DNRs will encour¬ 
age owners to become actively involved and therefore assume responsibility for 
the difficult medical decisions they make on behalf of their pets, 

A DNR is not lengthy nor complicated document, but it should contain 

at a minimum, the name of the pet, names and signatures of the veterinarian 

and client or client’s agent, the words “Do Not Resuscitate’* prominently dis¬ 
played, and the effective date of the DNR (Table 88-3). 
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MEDICAL POWER OF ATTORNEY 


I, the undersigned owner, of (insert Pet's Name), a (insert Age) (insert Spe¬ 
cies and Breed), certify that I am over 18 years of age, and appoint: 


Name: 

Address: 
Phone: 


Fax: 


my agent to make any and all health care decisions for my pet, except to the 
extent I state otherwise in this document. My agent shall follow my wishes 

known to him or her either through this document or through other means, If my 

agent cannot determine the choice I would want for my pet, then my aaenf 

c is ion shall 






t 






on what he or she 

This medical power of attorney takes effect if l become unable to make health 

decisions for my pet and this fact is certified in writing. 


interest. 




in my 






i 




* 


* 


# 




♦ 




?■ 


i 


forth limitations on the decision-making authority of my 


The following 


33 


h 


agent: 


(Suggested limitations) 

. Agent's decisions must be made in accordance with the living will di 

rective for my pet, executed on (insert date). 

b. I aaree to pay for all authorized services, as long as the costs for my 

s medical care does not exceed 

c. No limitations shall be imposed on my agent. 






r 


1 




t 






I understand that this power of attorney revokes any prior medical power of ap¬ 
pointment and shall exist indefinitely from the 

less I establish a shorter time or revoke the power of attorney. If I am unable to 
make health care decisions for my pet and this power of attorney expires, the au 
thority I have granted to my agent shall continue to exist until the time I again 

am able to make health care decisions for pet. 

(IF APPLICABLE) This power of attorney ends on the following date: 

If the person designated as my agent is unable or unwilling to make health care 

decisions for my pet, I designate the following alternative person to serve as my 
agent to make health care decisions for my pet as authorized by this document. 


this document un 






Name: _ 
Address: 
Phone: _ 


I sign my name to this medical power of attorney on the 


day of (Insert 


Owner's Signature 


Owner's PRINTED name 
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DO NOT RESUSCITATE ORDER 


Pet's Name: 


Species: 


Sex: 






EFFECTIVE DATE: 

l f the undersigned owner, or owner's agent, of the pet identified above, cer 
tify that I am over 18 years of 
ture of my pet's medical condition 

I hereby request that in the event my pet's heart and/or breathing should 

stop, NO 


r 


k. j 


and have been informed of the critical na 
















H 


in 




m 






in 




This request is being given after (Insert Name of Attending Veterinarian) has 


k. A 


discussed with me my pet's medical condition and the consequences of this or 


der 




r-ri 




LTJ 


This order is effective on the date set forth above until it is revoked by me 


Being of sound mind, I voluntarily 


this order, and I fully understand it. 


HH 




L 9 


Owner's or Agent's Signature 


Date 


Owner's or Agents PRINTED name 


Veterinarian's Signature 


Date 


Veterinarian’s PRINTED name 


Witness for Telephone Authorizations 


Date 


Witness' PRINTED name 


mmr' ■ 


rm 








Veterinarians who wish to use advanced directives and DNRs in their hospitals 
should concurrent! / adopt hospital policies that inform clients of rhetr options 

to accept or refuse medical treatments for their pets and instruct hospital person- 
nel on how to use such directives. An example of such a policy is displayed in 

Table 88-4* 






r 


- 


r_'w 


p 






■ 


m 




J 


a 


3 


k 




L w i 


Ik 




The use of advanced directives in the human medical field has evolved only 
after considerable discussion as to their ethical ramifications. The veterinary pro¬ 
fession will be faced with different ethical issues than physicians, however, be¬ 
cause animals are characterized as property under the law and there is neither 

recognition nor protection of their individual rights. The closest similarity in 

the human context is the medical management of critically ill patients who 
are mentally incompetent, which often includes minors, mentally handicapped 
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1 

A 


i 


i ■ 


Determining the specifics of advance directives for pets that are regarded as fam¬ 
ily members is difficult. Although owners cannot anticipate all the different medi 

cal decisions with which they may 
goals. 


they should consider their treatment 




Owners may wish to examine their attitudes toward the possible death of their 

DNR* 


r ^ 


I_ d 


and under what circumstances they would consent to 


r 


Some useful questions owners may wish to consider include 

1. Could you provide supportive 

completely paralyzed, 

tion that altered its behavior? 


r ^ 

L J 


to a pet that was incontinent, partially or 
multiple medications per day, or had a condi- 


a 




1 


an 


2 . How active and healthy is your pet currently? How old is your pet? Has your 

pet lived most of its adult life? Would age and activity level play a role in 

your decision-making process? 

Do religious beliefs or finances play a role in decisions about your pet's 
health care? 

4. What role should other family members and your veterinarian play in your de 

cisions? 

. How does your pets quality of life effect your decision? What are your ex 

tations? Some clients consider pets afflicted with blindness or that have an 

amputated leg, as unacceptable handicaps. At what point would you consider 

euthanasia or a DNR? 


« 


individuals, and elderly people who are no longer able make their own decisions. 
In such situations, many state courts recognize that family members, and not 
the docrors nor government officials, are best qualified to make substituted deci~ 

sions for incompetent patients. Nonetheless, family members’ decisions have 

been scrutinized by judges when the decisions were inconsistent with patients* 
interests or if there was evidence that they were contrary to the patients wishes. 

Although no one can be sure of pets’ wishes as it pertains to their care, a 

presumption that owners are best qualified to make such decisions is reasonable 

and, in fact, has been the standard followed by most veterinary practitioners. It 
becomes complicated, and the moral, ethical, and legal ramifications 
clear, when veterinarians and their staff substitute judgments that differ from 
those of their clients. One can speculate, however, that veterinarians who fail 
to honor directives that withhold medical treatment may subject themselves to 
lawsuits and risk being held accountable for damages. This would likely include 
the cost of all medical care that was provided subsequent to the veterinarian’s 

decision to keep the pet alive. 


not 


SICs 








iPAk 




The use of advanced directives and DNRs are not commonly used within the 

veterinary profession. Yet as the human-animal bond grows and the profession 

continues ro improve its ability to extend the lives of its patients through ad' 

vancements in technology, pharmacology, and medical and surgical techniques, 
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Throughout history disasters have exacted a heavy toll of death and suffering. 

In the past 20 years over 20 million humans have died worldwide and properry 

damage easily exceeds $50 billion. To date, the United States has only experi¬ 
enced one truly massive disaster with thousands of deaths of humans; frequently, 

disasters in this country have easily affected millions of poultry, swine, and fish. 

hen urban populate ms are struck by a disaster, many of the victims are animal 

owners because 56% of the households in the United States now have pets. In 

the past, the first priority of disaster relief was to protect and save human life. 

With the widespread emphasis on the human-animal bond, disaster agencies are 
now being called on to deal with more complicated animal-related issues. 

Many factors point toward an increasing probability of mass casualty inci¬ 
dents. Among these factors are the increasing population in flood plains, seismic 
zones, ocean or lakeside housing developments, the transport of hazardous mate- 
rials, the risks of chemical or nuclear facility mishaps, catastrophic fire> and ex¬ 
plosions, terrorism, and weapons of mass destruction, including animal disease 


agent" a> weapons. 

: he role of veterinarians in disaster preparedness is increasing and they are 

considered a first responder professional. Unfortunately, most veterinarians do 

not have minimal training, planning, or management skills related to disaster 

medicine. Veterinarians need to understand the components of disaster pre¬ 
paredness to integrate themselves with the official aspects of disaster manage¬ 
ment at the local, state, national, and even international levels. Our profession 
needs to assume a primary role in the veterinai v medical aspects ot disaster plan- 

triage, and patient care. This will onh come with involve- 


mng, management 

ment and additional training. In the event of a true disaster, having only a few 


veterinarians and their hospitals trained are insufficient to provide assistance to 

a disaster preparedness program. A commitment of all the veterinarians in a 
community, state, region, and nation is absolutely necessary. The effects of any 
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Disaster Preparedness, Response, and Triage I Chapter 89 

disaster can he minimized and or avoided by applying effective preventative strat 

egies. 


There is no standard definition of “disaster.” Traditionally, the term disaster is 

used to describe large-scale incidents that overwhelm the resources of the at- 

fected community. Because disaster medicine is multidisciplinary and depends 
on the integration of multiple levels of responders, the use of more concise defi¬ 
nitions is essential. More frequently in the United States, the term “emergency” 
should be used to describe incidents that can be handled with existing commu¬ 
nity resources. It is certainly possible for an emergency to quickly overwhelm 
the local resources, especially in a small, rural community. This is less likely in 
larger metropolitan areas, provided an organized disaster plan is in place to guide 
the veterinary professionals responding to the incident. Thus, it seems it is more 

a functional impact on a specific area that is the key to determining whether 

an emergency exists or a true disaster occurs. 

When disasters strike, destruction, injuries, and death occur. The impact 
varies widely according to the degree of warning given, the suddenness of onset, 
and animal density (e,g., feed lots, confinement houses, etc.). The effects of 
any disaster can be minimized and or avoided by applying effective preventative 

strategics. The existence of county and community preparedness plans greatly 

increases the self-reliance and effectiveness of assistance, contributing to the 
decrease of disaster related mortality and morbidity. 

The first order of business is to conduct vulnerability studies of each commu¬ 
nity or county, mapping specific locations of potential disasters and pinpointing 
potential associated risks; thus, each community or county knows the location 
of all animals potentially in harm’s way. Inventorying existing resources to facili¬ 
tate the rapid mobilization of all available resources during the emergency fol¬ 
lows. Included is an up-to- date list of all trucks, trailers, and boats available to 
evacuate large animals; kennels, shelters, and fairgrounds for housing animals; 

and warehouses for storing food. Also, critical to any effective disaster response 

is the type of supporr expected from of ancillary agencies, such as police and fire 
departments, poison control, hazardous material responders, animal control, and 

search and rescue. The effects of man-made and natural disasters can be foreseen 

and contained; however, implementation of these appropriate preventative pre¬ 
paredness and mitigation measures are mandatory. 

The next important portion of the disaster plan is putting the plan into 

action by training all parties involved. No recommendation will be effective 

without Mipf wt of volunteer training and personnel management 


No discussion on disaster medicine should exclude the topic of animal issues 

involved in WMD. Since the end of World War II, our nation has thought of 

WMD mainly as nuclear bombs, resulting in the establishment of the old Civil 
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Outside Diameter I Outside Diameter 

(mm) 


French Si 


of Device 


1 


0.3 


0 01 


Vascular Catheters 
Urinary Catheters 


4 


1.3 


0.05 


8 


2,6 


0.10 


3.3 


0.13 


12 


4.0 


0.16 


Urinary Catheters 
Feeding Tubes 
Endotracheal Tubes 


14 


4.6 


0.18 


16 


5.3 


0.21 


18 


6.0 


20 


6.6 


026 


22 


7.3 


0,28 


24 


8.0 


0.31 


26 


8.6 


0.34 


28 


9.3 


0.36 


30 


10.1 


0.39 


Chest Drains 

Endotracheal Tubes 


32 


0.41 


34 


11.3 


0.44 


36 


0 


0,47 


38 


12.6 


0.50 


40 


13.2 


0.53 


1 f 


Outside Diameter 
(mm) 


Outside Diameter 


(in) 


of Catheter 


26 


0.45 


0.018 

0.020 
a022 

0.024 


25 


0.50 


Butterfly Needles 


0.56 


24 


23 


0.61 


22 


0.71 


0.028 


21 


0.81 


0.032 

0'036 


Peripheral IV 

catheters 


0.91 


20 


0.04 


18 


1.22 


0 048 
0.064 


Central IV catheters 


1.62 


2.03 


14 


0.08 


12 


2.64 


0,104 

0.128 


Introducer Sheaths 


10 


3.25 
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Units and Conversions I 


1 1249 








Conversion 

from 
Traditional 

to SI Units 


H 


SI Units Dog 


Liver 

Alanine Aminotransferase U/L 

Albumin 

Alkaline Phosphatase 
Ammonia (resting) 

Aspartate Aminotrans 

ferase 

Total bilirubin 


0-130 

22-35 

0-200 


75-110 

25-39 


1,00 


fl/L 


0-90 


1.00 


U/L 


fimol/L 


20-80 


0.5871 


U/L 


J-50 


10-59 


1.00 


1 




pmol/L 

pmol/L 

pmol/L 

mmol/L 


0-7 


0-4 


1.0 


Conjugated bilirubin 
Free bilirubin 

Cholesterol 

rQT 

Glucose 


0-3 


0-1 


0-7 


0-4 


2.75-9.50 1.50-6.00 0.025 


U/L 


0-6 


0-2 


mmol/L 


3.3-S.7 


3.5-9.0 


0.55 


mmol/L 

umol/L 


Urea Nitrogen 

Creatinine 

Calcium 

Total 

Ionized 

Chloride 

Magnesium 

Phosphorous 

Potassium 

Total carbon dioxide 
Anion gap 


2.1-9,7 


5-10 


0.36 


43-151 


67-193 88.4 


mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 

mmol/L 


2.23-290 

112-M5 

112-129" 

0T8-1.2 

1 6^275~ 

37-5.8 

14-26 


2.24-2.95 

1.12-1.48 

105-122 

ojb^T72 — 

05-2.6 

3^6-5.8 

18-30 


0.25 








1.0C 


0.41 


0.332 


1.0 


1 . 0 < 


Lactate 


< 2.0 


1 . 0 ( 


Pancreas 

Amylase 

Lipase 

Muscle 


11 a 


400-1800 | 700-2 

50-1000 T50-700 


1.00 


it* 


U/L 


1 . 0 ( 


Creatine Kinase 


U/L 


0-460 


0-580 


Endocrine 

Thyroxine (T 4 ) 
Cortisol 


nmol/L 

nmol/L 


15-55 

<30-300 I <30-390 I 27.59 


15-65 


12.87 


Fibrinogen 
Fibrin split products 


g/L 


1 


3.5 


1 


3 


0.01 


mg/L 


<10 




1 


Table adapted from: Matthews KA: Veterinary Emergency and Critical Care Manual and Marino PL: 

The ICU Book 
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Selected Reference Ranges I 


* 


of Gastrointestinal 






Cl 


K 


Na 


3 


Saliva 

Stomach 


13-32 


8 


40-60 


40-50 

100-140 


40-80 


10-20 


0 


1 . 4 - 7.0 


Bite 


171 


66 


61 


66-7.4 


Pancreas 


149-162 

138-1156 

126-152 


71-1C 


135-148 


7 1 - 8.2 


4-5 


Duodenum 

Jejunum 

Ileum 

Colon 


5-9 


6.5-76 


103-139 


5-20 


6 . 3-73 


4-10 


141-155 


146-156 


5-7 


68-88 


7.6-8,0 


70-114 


136-151 


6-9 


60-88 


86-93 


7 . 9 - 8.0 


Source: DiBartota S: Fluid Therapy in Small Animal Practice, 1992, 2001 
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Note that entries with t after them indicate tables; / indicates figures. 


Academy of Veterinary Emergency and (>iti 

cal Care Technicians 

(AVECCT), certification of, 

1171-1172 

Accelerated biventricular rhythm, morphol¬ 
ogy of, 494/ 

Accelerated idioventricular rhythm (AIR), 


ABCDEs, primary survey, 124St 
ABC's (airway, breathing, and circulation) 

basic life support, 423-431 

in brain trauma management, 913-915 

in radiation exposure, 1234 
for seizures, 875 

in spinal injury, 922 

►men 


L J 


492 


A 


or* 


diseases of, 

gunshot wound to, 970/ 

magnetic resonance venogram of, volumet 

ric rendering of, 412/ 

penetrating wounds of 

from stabs, 963 

wound care for, 962 


clinical presentation of, 494 
diagnostic evaluation of, 495 

ECG findings in, 494 
thogenesis of, 494 

prognosis of, 495 

treatment of, 495 

ACE inhibitors. See Angiotensin-converting 

enzyme (ACE) inhibitors 
Accproma 2 ine (PromAce) 

dose and frequency of, 78c 
in 1CU sedation/anesthesia, 81 -82 

for pericardial effusion, 546 

for respiratory tract disorders, 611 

for vocalization with fentanyl weaning, 22 
Acetaminophen 

adverse reactions to, treatment of, 105It 
for fever reduction, 681 
hematologic disturbances with, 1070c 

hepatotoxteity of, 1063 

in liver failure, 282 
in pancreatitis, 773 

toxic metabolites of, 1098-1099 

Acetylcholine 

in defi bri liar ion, 438 

pulmonary arterial and systemic arterial 

pressures during infusion of, 528/ 
Acetylcholine receptors, autoimmune re¬ 
sponse to, 892 

Acetylcholinesterase, inhibition of, 1229 
p-Acetylcysteine, 105 It 

Acetylsalicylic acid, 747-748 
Ac id-base balance 

for abdominal trauma, 908 
in liver disease, 799 
regulation of, 23 
Acid-base disorders 

in azofemie acute renal failure, 316-317 
correction of, 441. 740 

in acute renal failure, 312 
ECG in diagnosing, 2401 

expected compensation in, 2621 
in intestinal obstruction, 829 

Acid bums, 975 

treatment of, 979*480 

Acid'Citrate-dextTose (ACD), 193 

in feline blood collection, 195 
Acid fast staining, 766 

Acidemia, 19r 

Acidosis, hyperchloremic metabolic, 460- 




radiography of, 336-338 


indications for, 326 

ulrrasonography of 
of blood vessels, 18$ 
critical care applications for, 


ofgastrointeMin.il tract, 382-387 


of kidney, 374-378 
of spleen, 369-374 
of urinary bladder, 378-382 


Abdominal elf ision 


with abdominal trauma, 906i 
ultTasoni>graphy for, 362 

Abdominal paracentesis 

for ascites, 800 

in severe liver disease, 795 

Abdominal trauma 


causes of, 905r 


classification of, 905 
clinical presentation of, 907 

diagnostic evaluation of, 907-908 
epidemiology of, 907 

in motor vehicle accidents, 905t 

pathogenesis of, 906-907 
prognosis for, 909 

sequelae to, 9061 
treatment of, 908-909 

Abdominal viscera, in thorax, 950 
Abdom inoc entesis 


for acute heart failure, 483 

four-quadrant, 907 

for intestinal obstruction, 8U 
for peritonitis, 726 

Abducens nerve, lesions of, 882 
Abrasions, pain with, 68-69 

Abscess 

abdominal, with intestinal obstruction 


an 


abdominal radiography of, 337 

with migrating plant fragments, 966-967 

with migrating porcupine quills, 967/ 

with snakebite, 1035 

Absorption, drug interactions affecting. 


4M 
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laryngeal, 60S 


Actinomycosis, 966 

Action plan 
Action potentials, 5Q 

compound muscle, 8% 
Activated charcoal 


ocular. 688-889 


pancreatic, 389 

tracheal 606. 

Adenoma, M3 

Adenosine monophosphate (cAMP), 50 
Adenosine triphosphatase, 168 

Adenosine triphosphate depletion, Mil 

S-Adenosyl-methionine, 798t 
Adenovirus vaccination, 785 
Adenylate eye lasts, 50 
Adrenal gland 

dyshinefion of 

clinical presentation of, 837—838 

diagnostic evaluation of, 839-840 

epidemiology of, 8 5 6 
' e I .■ resi* O', 

prognosis tor, 
treatment of, 840-842 
types of, 815 

neoplasia of, 389 

tumors of, 856 
Adrenalectomy 

tor hyperadrenocorticism, 840 
for pheochromocytoma, 840 
postoperative complications of, 835. 836, 


tor ethylene glycol intoxication, 1047 

for srmltnine poisoning, 1114 

tor tricyclic antidepressant toxicity, 1066 


1067 


for line phosphide poisoning, 1115 

Activated dotting time 
for hemostasis disorders, 
for hemostatic defects 


screening for in muhiorgan failure, 693 

Activated complement components, 
Activated partial thromboplastin rime, 738 


m 


Acupuncture, 4 

Acute lung injury. 582. See also Acute respi¬ 
ratory distress syndrome 
clinical presentation of, 585 
diagnostic evaluation of, 585-587 
differential diagnosis of, 587 

management of, 

pathogenesis and risk factors for, 580- 585 
prognosis of, 589 

Acute-phase reactant protein (APRP) re¬ 
sponse, 219 

Acute Physiology and Chronic Health Evalu¬ 
ation II (APACHE II) scoring 

system, 685-686 

Acute respiratory distress syndrome (ARt^S), 


83? 


diagnostic evaluation of, 840 
treatment of, 
prognosis for, M3 
Adrenergic drugs, 
coronary and cerebral bl< 


low w ith 




439 


581 


dosage of, 440 

physiologic effects of, 438-4 39 

Adrenergic receptors 

in cardiovascular and respiratory function 

56 

dysfunction of, 54 
Adreru x ortica 1 insufficienc y, 1 
Adrenocorticotropic hormone (ACTH), 835 
Adrenocorticotropic hormone (ACTH) stim 

ulation test 

Adrenocorttcotropin, serum levels of, 220 


antecedents of, 6 34 
in aspiration pneumonitis, 

clinical presentation of, 585 
diagiiostic evaluation of, 585-587 

differential diagnosis of, 587 

management of, 

with near drowning, 577 

pathogenesis and risk factors for, 582 




585 


prognosis of, 589 
progression to, 629, 633 

radiologic evaluation of, 334 

in systemic inflammatory response syr 

drome, 7C2 

treatment of, 690-69 1 

Acute tubular necrosis, 398 

Acute tumor lysis syndrome, 721 

clinical presentation of, 722 
diagnostic evaluation of, 722 

pathogenesis of, 72 1 722 
prognosis of, 723 

treatment of, 

Addis tn’i di ra «se, S3 5 

Adenoc at v. inc>rna 


111 


Adult hyaline membrane disease. See Acute 

respiratory distress syndrome 


Adv anc ed dim ti ves 


definition of, 

ethical considerations in, 
hospital policies on, 1 222 

policy guidelines for, 1223-1224r 

Advanced life support, 4 3 ] -444 

flow sheet for, 434/ 

Adverse drug events (ADEs), 1049 

cardiotoxic, 1072-1073 

clinical manifestations of, 

CHS and sensory, 
cytotoxic, 1049 
drug disposition charges in 

drugs augmenting, 11 O' 1 


bowel, 3641 


of common bile duct, 368/ 
feline tracheal, 606 


invasive adrenal, postadrenalectomy, 843 
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pathogens of, impaired removal of, 646 
accretions of, thickening, accumulation 

and retention of, 163-164 

trauma to, lower, 941-945 
Airway generations, 15 

Airway reflexes 

a 1 te red protec t ive, 

normal, 162-163 
Airway resistance, 628 

increased, 284-285/ 

Airway sue t ion p roced u re, 1 S3 1 
Alanine aminotransferase 

in dilated cardiomyopathy, 559 

in portosystemic shunt, 806 

in severe liver disease, 29 2 

Albumin 

actions of, lit 

affecting drug distribution, 1097 

calculating deficit of, 184 -185 

osmotic gradient of, 467 

for shock, 463 
Albuterol (Proventil) 

doses of for respiratory diseases, 612t 
for feline allergic airway disease, 625t 


factors producing in critical care patient, 


1081 


gastrointestinal, 1 

hematologic, 1068-1072 

iintegumental. 1068 

in kidneys, 

in liver, 1059-1063 

organ susceptibility to, 1050 

; r ". i. <ry, 

treatment of, 1051—10551 
Type A, 1049-1050 

Type B, 1050 

Adurosmmjtyltcs afatrusus , 619 
diagnosis and treatment of, 620r 

Aerobic metabolism 


3-1065 




Oj uptake in, 2J 


oxidant stress and, 36 

Aerophagia 

with gastric dilatation*volvulus, 754-755 
in intestinal obstruction, 829-830 

Aerosol izat ion. 1086 


Aesculapian authority, 1211 

Africanized honeybees, 1017 
Afterdrop, 1118, 1125 

After load 

in shock, 472 

in stroke volume, 218 
Agglutination, 189 

in blood typing, 191-192 

in immune ^mediated hemolytic anemia in 

cats, 71 


^6 


for pulmonary pharmacotherapy, 1641 
receptors mediating, 55c 

for respiratory disease, 613 

Alcohol, 1099 

Alcohol JehydiQgefkas \ 1042 
Aldactazide 

for dilated cardiomyopathy, 560 
for hypoxic pulmonary hypertension, 533 
Aldehyde dehydrogenase, 1042 

Aldosterone 

tn canine dilated cardiomyopathy, 554 
in potassium balance, 168 

ALI. See Acute lung injury 
Atkaiemia, 19r 

Alkali bum, 975 

in esc; 1 f . i - *al i n jury, 130 

treatment of, 979 

Aiki line injury, esophageal, : : 0-112 

Alkaline phospi .imsc, 80l> 


Agonists 

binding to enzyme'linked receptors, 52 

binding to ion channel receptors, 50 

in GPCR activation, 4 0 f 

partial, 42 

potencies of, 42 

Air embolism, from blast overpressure, 1235 
Airflow resistance, 108 

Airway 

artificial, 150-152 

assessment of in basic life support, 423 

cartilage malacia of, 614-615 

collapse of, 60 

culture for pneumonia, 650 

cytology of 

for pneumonia, 649 
for respiratory tract evaluation, 610 
dehydration of, 161 

disease of 

allergic, fi. 7-627 

chronic, 646-647 

leak of, sudden foil in ETCO; indicating 

m 

loss of seal with mechanical ventilation, 


Alkaline phosphate, 792-793 


Alkalinizatton, 470 
Alhor-none law, 3 

Allergic airway disease, 617-627 
parasitic, e- n 619 

Allergic bronchitis, 618 

Allergic drug reactions, 1050-1056 

Allergic pneumonia, 643 

Allergic reactions 

packed red blood cells with, 192 

receptor dysfunction and, 36 

to transfusions, 201 

Allergic respiratory disease, 618-619 
Alligator*jaw forceps, 115-116 

in gastric foreign body removal, 126 

in hair ball tto >\al, 124/ 

Alloantibodtes, 189 


m 


obstruction of 
correction of, 1521 
in pulmonary cema, 636 
patency of for aspiration pneumonitis, 
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'• ! : - i 

tor brain trauma, 917 
skin reactions to, 1068 

Alpha-naphthyl-thiourea (ANTU), 1106 


: 2NS toxicity of, 1066, 10671 

drug interactions of, 1089c 

minimal inhibitory concentration of, 

1058-1059 

nephrotoxicity of, 1057-1059 

penicillin inactivating, 1094 
plasma disappearance curve of, 1059 

for respiratory tract infections, 611 -612 
for tracheal inflammation, 60S 

Aminophylline 

for aspiration pneumonitis 

drug interactions of, 1089t 
for pulmonary contusion, 945 
for respiratory disease, 61 } 

21 - A m i r tostero ids, 917 

Amiodarone, 49 5 

Amitrai 

adverse reactions to, treatment of, 1051c 

CNS toxicity of, I067l 

Amlodipine 

for dilated cardiomyopathy, 561 

for elevated left atrial pressure, 538 
for hypoxic pulmonary hypertension, 535 

Ammonia 

levels of in hypothermia, 1127 
metabolism of in portosystemic shunt, 807 

Ammonium biurate crystal luria, SO6 

Ammonium biurate uroliths, SC 7 
Ammonium chloride, 1051c 
Amoxicillin 

doses of for respiratory diseases, 612c 

for liver disease, 797t, 798f, 800-801 

Amoxicillin/ampicillin, LU 

Amoxicillin A avulanic at id 

for caustic esophageal injury ,131 
doses of for respiratory diseases, 612 r 
Amphetamines, 105 It 
Anndictericin B 

allergic reaction to, 1056 

drug interactions of, 1089t 
for pneumonia, 652 

Ampic ill in 

adverse dermatologic reactions of, t069t 
for aspiration pneumonitis, 600 

for bite wounds, 963 

for liver disease, 800-801 

for pancreatitis, 781 

for peritonitis, 727 

Ampicillin sodium, drug interactions of, 

I089r 


a-agonisrs 

« 2 -agonists, 7 > L - 79 

cardiopulmonary effects of, 78 
with opioids, 78-79 

a-blockers, 840 

a-defensms, 43 

Aluminum hydi wide, 1095 

Alveolar'arterial O* tension difference, 263 




I 2 


I6i/ 


Alveolar arterial oxygen tension, estimating 


107 


Alveolar-arterial PO? gradient, 289-290 

Alveolar carbon dioxide tension, 267 

Alveolar emptying, 16 

incoi iple e, 9 4f 

Alveolar fle* tig, 6 3 3 

Alveolar gai equ .tion, 263 
Alveolar gas exchange, 16 

Alveolar oxygen tension, calculation of, 107 
Alveolar ventilation, 261, 283 

ixv.tr. equate, 286 

Alveolar waveform, 92/ 

Alveolus 

atypical patchy patterns of, 334 

consolidation of in aspiration pneumoni¬ 
tis, 596 

epithelial water absorption by, 63 * 

in gas transport, 15 

O transport across 
oxygen diffusion in, 16 
rupture of with mechanical ventilation. 


m 


no 


Amended insulin/glucose ratio (A1GR), 651 
American Animal Hospital Association, 

emergency/critical care guide¬ 
lines of, 1148 

American Cot lege of Veterinary and Emer¬ 
gency Critical Care (ACVECC) 

Board certification of, 1171 

Residency Training Program of, 1172- 


1m 


Training and Application Guidelines of, 

1172-1173 

American Red Cross, 1218 
American Society of Anesthesiologists 

(ASA) Anesthetic Scores, 418 


Amplitude 
Amrtnone, 486 

Amylase, peritoneal fluid. 726 

Ana d ism. 202 

Anaerobes, 097 1 
Analgesia 

fur animals, 1206-1207 

for bum injury, 978f 

for hemorrhagic dian hea, 768 

for rib and sternal fractures, 663 


Ainu. 1 . 768f 

Amine precursor uptake and decarboxylation 

(APUD) cells, insulinomas from, 


650 


Amino acid oxidation, 2 7 3 

Amino acid solutions, drug interactions of, 

1089r 

A minoglycosides 

for aspiration pneumonitis, mAA 
cardiotoxiciry of, 10721 
changing clearances of, 1038 


for shock, 4(59-4 70 
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Anesthesia log, 1159-1160 

Anesthesiology, 1159 
equipment for, 1160 

facility for, 1160 

mortality record in, 1160 

personnel and procedures for, 1159-1160 
Anesthetics 

adverse reactions to, treatment of, 1054( 
affecting platelets, 742 1 

cardiotoxicity of, 1C" t 

inhalant, in sinus bradycardia, 498 

local, 80-81 

actions of, 80 

epidural administration of, 80-81 
intrapleural administration of, 80 
intravenous infusions of, 81 
local target of, 48 r 

short-acting, for bite wounds of neck and 

thorax, 938 

from, 116 } 


Analgesics 

administration of, 71 
constant rate infusion of, 71 

hepatotoxicity of, 1062-1063 

IV catheter administration of, 71 

nonopioid, 77-81 


opioid, 72-77 


for rib fractures, 952 

SQ and IM injections of, 71 
for thermal injury, 979 
tolerance to, 24 

withholding, 71-72 

Anaphylactic reaction, chemotherapy'in 

duced, 1143-1144 

Anaphylactoid reaction, 464 
drug indueed, 10 56 

treatment of, 1144 
Anaphylax is 

drug * i rid i it ed» 1050-1056 

from insect song*, 1018 

treatment of, 1019 

receptor dysfunction in, 551 

Anastomosis 


waste 

Angiocath, 546 

Angioedema, drug'induced, 1068 

Angiography, MR1, 411 

Angiotensin-converting enzyme (ACE) in* 

hibitors 

allergic reaction to, 1056 
for congestive heart failure, 485 

for dilated cardiomyopathy, 560„ 561 

hydralazine and, 484-485 

for hypertrophic cardiomyopathy, 567 

for hypoxic pulmonary hypertension, 


for abdominal trauma, 908 
tracheal, 614 

Anatomic dead space ventilation, Ihl 

Ancyiostoma omirurm, 619 

Androgens, 615 

Anemia 

acute, 123 

adaptive mechanisms in, 994 997 

blood product selection for treating, 123 

chronic, 193 

packed red hi 

clinical signs of, 989-990 

dissolved O* content and, 292. 293 

erythrocyte administration in, 999-1000 

hemoglobin substitutes for, 1000-1001 
hemolytic, blood products for, 198 

with hemorrhagic diarrhea, 765-766 

immune*mediated hemolytic, 

ocular manifestations of, 888 

pathophysiologic processes and, 997-999 

physiology of acute blood loss in, 991-994 

in plethysmogtaph ic readings, 88 
refract * >ry, with immune'mediated hemo' 

lytic anemia, 716, 71ft 
regenerative or non regenerative, 123 

risks from, 990 

transfusions for, 989 

treatment i>f in liver disease, W0 
Anesthesia 

in adrenalectomy, 840-841 

agents for, 81-83 

in diagnostic imaging, 1159 

for diaphragmatic hernia, 951 

in ICU dogs and cats, 781 

prevention of aspiration pneumonitis dun 

ing, 598 

tor thot jcoscopy, 140 
in upper GI endoscopy, 1 16 


535 


for restrictive cardiomyopathy, 572 
Angiotensin 11 

in canine dilated cardiomyopathy, 554 
in volume balance, 167 

Animal abuse, reporting, 1201 

Animal health insurance, 1214 
Animal'holding areas, 1165-1166 

Animal suffering 

ethical management of, 1211-1212 

intensity erf, 1213 1214 
prolonged, 1209-1210 
social concern for, 1208-1209 
Animal testing, banning of, 1209 

Ammal Trauma Triage (ATT) scoring sys¬ 
tem, 415-418 


cells for, 197 


> 


Animals 

legal protection of nature of, 1210 

moral status ot, 1208 


Anisocoria, 882 

Anorexia 

chemotherapy-induced, 1 M7 11^ 
in diabetic * etoacidosis, 845 

in pancrearitis, 774-775 

Anoxic brain damage, 577 

Antagonism, selective, 47 
Antagonists, ±i 

Anthracycline drugs, 1142-1143 

.Anthrax, 123 It 

anti 


, m 


• I « 
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Antiarrhythmic dru^s 
cardiotoxkity of. 10721 
for dilated cardiomyopathy, 560, 561 
for hypothermia, 1127 
for PVCs, m 

for supraventricular tachycardia, 514 
for traumatic myocarditis, 668 

for ventricular tachycardia, 519-520 
Antiarrhythmic therapy 

for accelerated idioventricular rhythm, 495 

for myocardial injury, 1008*1009 

Antibacterials 

cardiotoxkiry of, 10721 

for comeal ulcers of hype nuircnocorticism, 


gastrointestinal adverse reactions to, 1 
hematologic disturbances with, 1070e 

Anticholinerg ic dn ips 
drug interactions of, 1097 
in pancreatitis, 773 

Anticholinesterase drugs 
for myasthenia gravis, 89?t, 898 

in sinus bradycardia, 498 
Anticoagulant factors. 

Anticoagulant roden tic ides 

first and second generation, 1 106 
toxicity of, 2 k 

diagnostic evaluation for, 

; .ithophysiology i *f, 
patient history of, 1107 
physical examination for, 1107 
prognosis for, 1109 

treatment of, 740, 

Anticoagulants, 193 
adverse reactions to, treatment of, 10521 
in canine blood collection, 194 
in feline blood collection, L95 
hematologic disturbances with, 1071 
Anticoagulation 

for hypertrophic cardiomyopathy, 567 

for inappropriate thrombosis or thrombo 

embolism, 747-749 

for pulmonary thromboembolism, 536-537 
Anticollagenase drugs, 665 887 

Anticonvulsants 

adverse effects of, 1049 

hepa to toxic drugs and, 1098 

hepatotoxiciry of, 1062 

for insulinoma, 851 

intranasal administration of, 64 

intrarectal administration of, 61 

skin reactions to, 1068 
Anticruelty ethic, 1208 

Antidepressants. See oi so Tricyclic antidepres- 

sants 

adverse reactions to, treatment of, 1055c 

CNS toxicity of, 10671 

A n! id i a rrhret k, 1234 
Antidiuretic hormone (ADH) 

activation of, LL1 

in dilated cardiomyopathy, 539 

release of, 454-455 

in water excretion, 166 
Antidote information, 1154 

Antiemetics 

for chemotherapy'induced GI toxicity. 


53 


r 


Antibiotic peptides, 43 

Ant ibiot ics 

for abdominal trauma, 900 
for acute renal failure, ill 
advene effects of, 1049 

affecting platelets, 742 r 
for arrow wound, 972 

for aspiration pneumonitis, 599 -600 
bacteriostatic and hactericidal, 1101 

for bite wounds, 961, 963 

ot neck and thorax, 936 


’ bum injury, 921 

for caustic esophageal injury, Lil 

for chemotherapy')nduced Gl toxicity 


1 13b 


for chemotherapy' induced neutropenia, 

1141 

CNS toxicity of, 1066 
for esophageal disorders, Hl_9 

for fever reduction, 682 

for GI disorders with radiation exposure, 

1234 

for hemorrhagic diarrhea, 765-766, 768 

for liver disease, 800-801 

for megaesophagus, til9 - 820 

for mu i srgun failure, 692 

for ocular manifestations of smoke inhala- 

tion, 987 

for pancreatitis, 761 
fa peritonitis, 222 

for f i cumoi ria, 651 

for portosystemic shunt, ti09 

prophylactic with intestinal obstruction 

surgery, 832-833 
for pulmonary contusion, 945 

for severe liver disease, 798c 
for smoke inhalation, 967 

for snakebites, 1035-1036 

for spesis 

systemic administration of, L&3 

target of, 4Bt 

for thermal injury, 979 

Antibodies, stimulation of, 169 
Anticancer drugs 

adverse dermatologic reactions of, 1069t 
bone marrow suppression with, 1070 


for Gl disorders with radiation exposure 


1234 


for hemorrhagic diarrhea, 769 

with opioids, 13 

for pancreatitis, 780 
for peritonitis, 729 
Antiepileptic drugs (AEDs), l 
for seizures 


for status epilcpticus, 877r 
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Antifan al therapy, 652 
Antihelminthics, 626 

Antihistamines 

ewiiiotoxicity tit, 1072c 

CNS toxicity of, I067t 

for dru^- induced dermatologic hypersensi- 

tiviry reac t iocib, 1068 

for feline allergic airway disease, 626 

for fly bites, 1019 

for insect stings, 1019 

for snakebites, 1038 
Ami-inflammatory v i wi 

for acute respiratory disrress syndrome, 


Aorta 

abdominal sonography of, 3 89 

characteristics of, 7t 
terminal abdominal, 5? 

Aon it insuffleicnc y 

interpreting severity <rf, 3 >0 
volume overload from, 351/ 

Aortic turnon 

echocaid og- am of, 348/ 

pericardial effusion with, 346 

Aortic valve 

echocardiographic evaluation for degenera 

tion of, 347-348 


* i 


589 


stenosis of, ISO 

AT ACHE scoring system, 419 
Apathetic state. 857 
Ape* impulse palpation, 2 

■; ■ .■ s melHfcra mellifera. 1017 

Apomorph ine 

for aspiration pneumonitis prevention, 598 
for ethylene glycol intoxication, 1047 
A presol ine, 561 

APUDoma, 850 

Arachidonic acid, 943 

Araneae, 1013-1015 

ARDS. See Acute respiratory distress syn¬ 
drome 

Area under the ROC curve (AUC), 41 3 

in survival prediction, 414-415 
Arginine 

6if cancer cathexia, 225 

in immune enhancing diet, 205 

Aristotle, 1210 

Arrestins, binding of, 54 
Arrhythmia 

with acute tumor lysis syndrome, 721 
continuous versus intermittent ECG of. 


doses of for respiratory diseases, 612; 

for sepsis, 7051 
for shock, 470 


Vl 


Anti-infla mm .»tory/promflammatory ruedia- 


tors, 580, 696/ 


i iti-inflammatory response, 699 

Anti LPS, 7051 

An t im k re >b i a 1 d rugs 

.adverse effaces of, 124 0 

doses of for respiratory diseases, 612t 

for severe liver disease, 796 

for shock, 470. 4711 

Antimicrobial ointment, 961 

Antineoplastic drugs 

classified by myel< oppressive potential 

1140t 


nausea and vomiting with, 218 

toxicology of 

Antinuclear antibody testing, 711 
Antioxidants 

endogenous and exogenous, 3It 

enzyme, 3Q-33 

metabolic support of, 36 
nonenzyme, 33- 35 
plasma activity of, 15 

protective function of, 30-35 
for severe liver disease, 796 

Antipyretics, 1134 

Antisecretory drug interactions, 1096 

Antithrombin 111 

in hemostatic defects, 739 

resting for concentrations of, 693 

ctrAntitrypsin, 772 

Anti tumor necrosis factor, 705 e 

Antitussives 

adverse reactions to, treatment of, 105It 
for cough, 16 3 

Antivenirts 

research on, 1037-1038 
for scorpion stings, 1017 

for snakebites, 1036-1037 

timing for administration of, 1037 

ntrum, endoscopic manipulation in. 


control erf, ■]'" 

in critical care, 488-521 

with dopamine administration, 319 

electrolyte imbalance in, 251 

of fast rate origin, 511-521 
mechanisms of formauon of, 488-490 

in morphologically normal heart, 239 

in multiorgan failure, 688 

in myocardial injury, 1008-1009 
of normal rate, 490-497 

pathology of, 1005-1006 

preload and, 

in restrictive cardiomyopathy, 570 
of slow rate origin, 498-510 

Arrow 


heids of, 971/ 

shaft of, 971 

Arrow wounds, 970-971 

management of, 971-972 

pharyngeal, 964/ 


HI 


Anxiety 

clinical signs of. 81 

pain and, 8L 


Arsenic 


for adverse drug reactions, 105 31 
rodenticide, 1106 
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Arterial blood gas 

in acute respiratory distress syndrome, isS 

alveolar-arterial Qi difference in, 263 
for aspiration pneumonitis, 595-596 
equipment for, 258 

five times the percent inspired Qj rule in, 


indications for, 150 

suctioning of, 152-153 

Artificial pacing, 501 

Artificial respiration, 10521 
Artificial tears, 887 

Arytenoid lateralization procedure, 611 
Arytenoidectomy, 605 

Ascites 

abdominal ultrasonography for, 162 
gallbladder, 365 

in increased respiratory workload, L12 

in liver disease, 790-791 
treatment of in liver disease, 800 
Ascorbate, 34 
Ascorbic acid, 1061 
Aseptic surgery, 1161 
L-Asparaginase 

in hypersensitivity reaction, 1143 

in pancreatitis, 773 

Aspartate aminotransferase (AST) 

in portosystemic shunt, 806 
serum levels of, 465 

in severe liver disease, 792 
ASPCA National Animal Poison Control 

Center, 10741 

recommendations for cholecakiferol oden 

ticide poisoning, 1111 

Aspiration, mini-chest tube, 156 

Aspiration pneumonia 

in acute respiratory distress syndrome, 588 
with altered protective airway reflexes, 646 
decompression in, 207 

in myasthenia gravis, 900. 901 
pathogenesis of, 644 

radiographic findings in, 339/, 648t 

Aspiration pneumonitis, 591 

ancillary diagnostic tests for, 595 
clinical presentation of, 595 

common complicating factors in, 593-954 

diagnostic evaluation of, 

epidemiology of, 594 

in fever, 673, 674 

host defense mechanisms preventing, 5931 

pathogenesis of, 591—594 

pathophysiology of, 594/ 

predisposing conditions for, 592-593r 
prevention of, 528 

prognosis of, 601 

treatment of, 598-601 

Aspirin 

adverse reactions to, treatment of, 105It 
in gastric erosion, 42 

in gastric ulceration, 42 
in heatstroke, 1134 

for immune-mediated hemolytic anemia, 

716t 

for inappropriate thrombosis or thrombo¬ 
embolism, 747-748 

platelet inhibitory effect of, 744 

Assault, 1112 

Assisted ventilation, 97 


Ihl 


i k '0,/base balance, 260 
in hypothermia, 1121-1122 
interpretation of, 261-264 

measurement of 

in brain trauma, 915 
for pulmonary cdem.i 637-638 
0> saturation and content in, 264 


oxygen content in 


PaCO : , 26Q 
PaOj, 260-261 
PaCVFIO,, 263 


pH 


sample storage, 259 

sampling of 

at serial catheter in, 252 


percutaneous, 258-259 

temperature compensation in, 261 

gas analysis 

for pulmonary contusion, 943-944 

in pulmonary dysfunction, 690 

in smoke inhalation, 986 

in ventilator patient, 106 

Arterial blood pressure, 2 
flow rate and, Hf 

monitoring device for, 1165 
Arterial blood pressure tracing, 269/ 

with sustained ventricular tachycardia. 


Arterial hi 




261 / 


Arterial catheter i: at ion, 259 


Arterial hypotension, 544 

Arterial O? 

assessing content, 293 

saturation of, 293 
Arterial Oj tension, 289 / 

Arterial oxygenation, reduced, 635 

Arterial pressure, 270-272 

Arterial pulse, monitoring of, 

Arterial thromboembolism, 567 
Arterial thrombosis, 371 
Arterial thrombus, 389 

Arteries, characteristics of, ?( 

Arteriolar vasoconstriction, catecholamine 

mediated, 174 


Arterioles, 71 

Arteriovenous pressure difference, 428-429 

Arthropod bites, 1013-1017 

Arthus reaction, drag-induced, 1056 

Artifacts, ECO, 248-250 

Artificial airways, L50 

complications with, 152 

correction of obstruction in, I52e 

cuff leaks in, 152 

endotracheal tuhes/tracheostomy tubes in, 


134 f 
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Atrioventricular (AV) dissociation 

electrolyte imbalance in, 251 

isorhythmic 

clinical presentation of, 516 

ECO findings in, 517 

pathogenesis of, 516 

prognosis of, 517 

treatment of, 51? 

in pvcs, m 

in third-degree AV block, 508 

Atrioventricular (AV) node, 242 

disease of in atrial standstill, 501 
pacemaker cells in, 486 

Atrioventricular (AV) synchronization, loss 


Ast htna 

feline, 331.617. 618 

human, 617—618 
pathophysiology of, 61S f 
Atelectasis 

differential diagnosis of, 587 

ETCOj trends indicating, 24 
in projectile thoracic injury, 

Atenolol, 840 

Atipamezole, 105 h 

Atracurium, receptors mediating, 55i 
Atrial enlargement 
A trial hbrillation, 486 
clinical presentation of, 514 
diagnostic evaluation of, 515 
in dilated cardiomyopathy 

ECG findings in, 515 

patllogt nesis of, 514 

prognosis of, 516 

in restrictive cardiomyopathy, 571/ 

in traumatic myocarditis, 666 

treatment of, 515-516. 561 

Atrial natiuretic factor, Hi 
Atrial standstill 
clinical presentation of, 502. 
diagnostic evaluation of, 502 

ECG findings in, 501 
electrolyte imbalance in, 155 

pacemakers for, 22S 

pathogenesis of, 5 01 = 50 2 

prognosis in, 502 

treatment of, 502 

Atnal tachycardia, 486 

Atrioventricular (AV) block, 504 
first-degree 

diagnostic evaluation of, 505 
ECG findings in, 505 

electrolyte imbalance in, 15 3 


Atrioventricular (AV) valve insufficiency. 


m 


Atropine 

for accelerated idioventricular rhythm 


425 


adverse reactions to, treatment of, 105 I t 

for bradycardia, 22 
for cardiotoxicity, 1073 

for cardiovascular dysfunction, 688 

for pulmonary pharmacotherapy, 164t 

receptors mediating, 55 1 

for sinus bradycardia, 499 
for third-degree AV block, 509 
Atropine sulfate 

for adverse drug reactions, 1051c, 1052t, 

1053t 

drug interactions of, 1089* 

for second-degree AV block, 507 

Attending behaviors, 1193 
Augmentation, 1100 

Augmented lead*, 244 
Auscultation 

of heart rate, 266 

for hemothorax, 659 

for pneumonia, 647 

for pulmonary edema, 6}6 657 

\utoagglutmat ion, Hi 
Autoagglutinators 

canine, Jill 

feline. 122 

Anted igestion 

defense mechanisms limiting, 
with pancreatic enzyme activation, 772 


treatment of, 505 


second-0 -gree 

clinical presentation of, 505 
diagnostic evaluation of, 507 


ECG findings in, 506f, 5Q7 


pacemakers for, 22 S 

pathogenesis of, 505 
prognosis of, 507 
i reatment of, 507 


third-degree, 507 . ^ 
clinical presentation of, 508 
diagnostic evaluation of, 509 
Fit Xj findings in, 

ECG of dog with, 251/ 
electrolyte imbalance in, 254 

loss of AV synchronization during ven 

tricular pacing for, 
in multiorgan failure, 688 
pacemakers for, 228 
pathogenesis of, 5PS 
prognosis of, 509 

treatment <»t. 509 


223 


Automaticity, 241-242 

abi rnial, 490 

de* t ^cd, 489 

enhanced, 489-490 

in PVCs, m 

Autonomic activation, 454 


Autotr.i otusion, 659 , 949 
Avian Fab products, 1 0 3 8 

Azathtoprine (Imuran) 

for imnmne-mediated hemolytic anemia. 


7l6t, 219 


for myasthenia gravis, 897r 
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Azathi oprine (Imuran) (conurwed) 

in pancreatitis, 77 j 
for throtnxjq topenia, 744 

Azo dye, 1070t 

Azotemia 

differentiation of, 3021 

electrolyte and acid-base disorders in, 

313-317 

in gastric i >u Blow < ■ m rue tion, 87 5 

with immune-media ted hemolytic anemia, 

718 

ischemic or nephrotoxic, 301 c 

localization of, 299 1 

obstructive post renal, 3011 

prerena!, KXL 301 1 

primary din me. 301c 

in renal dysfunction, 263 

urine specific gravity values with, 3011 

Azotcmic renal failure, algorithm for diagnos 

tng, 104/ 


in chloride channel regulation, 50^51 
for portosystemic shunt, SO8 
receptors mediating, 55 i 

in sinus bradycardia, 498 
Barium, adverse reactions to, 1051c 

Barium enema, 811 

Barium rodentickle, 1106 

Bark scorpion (Cen£ruro«ks jcuiprubrics), 1013 

Barotrauma, 110-111 

Basal metabolism, LI 30 

Basal water requirement, daily, 177 
Basic life support 

for cardiopulmonary arrest, 42.1-411 

flow sheet for, 424-42 7 / 

Baytrit, 611 
Bee stings, 1017 
Bee venom, 1018 
Belladonna alkaloids, 105It 

Benazapril 

for congestive heart failure, 485 

for dilated cardiomyopathy, 560 

for hypertrophic cardiomyopathy, 567 

for hypoxic pulmonary hypertension, 535 

Benzoca ine, 1070t 
Benzodiazepines 

in chloride channel regulation, 50-51 
in 1CU sedation/anesthesia, 82 

for portosystemic shunt, 808 
for severe It vet disease, 797 1 
for strychnine poisoning, 1114 

Berviyl alcohol 

CNS toxicity of, 10671 
neurotoxicity of, 1065-1066 

Bernoulli equation, 9 

modified, 532 
B~ agonists, 625c, 626, 627 


B-mode sonography 

of abdominal blood vessels, 169 

for splenic necrosis, 371 

Babesia, 741 

Babesiosis, 7 6 7 

BadUso an tracts, 12 Hr 

Btfdflus pthformis, j> 

Back-dror approach, 1203r 

Bacteremia 

definition of, 696 r 

nosocomial, 677 

Bacterial bit 1 contamination, 2ill 
Bacterial cultures. 

Bacterial ( i Jot ox in 
in sepsis, 6^7 

in systemic inflammatory response syn¬ 
drome, ~ 60 

Bacterial enterotoxins, 764 

Bacterial flora, 676 

Bacterial growth, 216 

Bacteria I i nfet t u>nv 

from bite wow da, 918, 959 

in. hemolytic anemia, 712c 

with migrating plant fragments, 966-967 

in pancreatitis, 774 

from penetrating injury, 957-958 

in pen ton it is, 724 725 

in pneumonia, 641 
respiratory tract, 611-612 
Bacterial isolates, 697c 
Bacterial pneumonia, 641 

clinical presentation of, 647 
differential diagnosis of, 587 

radiographic findings in, 646 c 
BaI torment, 3 K 

Barbiturate coma, 917 

Barbiturates 

adverse reactions to, treatment of, 1051c 

for ceref r il resuscitation after card iopulmo¬ 
nary arrest, 445l 


for brant I h ispasm, 163 

for pul mortar edema, 6J0 
for smoke inhalation, 987 
p- blockers 

for atrial fibrillation, 51.5-516 

for atrial fibrillation/atrial tachycardia, 486 

for dilated cardiomyopathy, 561-562 

for hypertrophic cardiomyopathy, 567 

for isorhythmic atrioventricular dissocia- 

tion, 512 

for myocardial injury, 1009 

for pheochromocytoma, 840 

for PVO, 423 

in sinus bradycardia, 498 

for supraventricular tachycardia, 514 

for thyroid storm, 857, 858 

for traumatic myocarditis, 668 
for ventricular tachycardia, 467, 519 
fLcell carcinoma, 852 

(1-globulins, 789 

6 I i'. ' e’..- 

CNS toxicity of, 10671 

drug interactions of, 1089t 

for respiratory tract infections, 6M 
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JC A 


severity of, 1 ‘' J 
temporary care i f 961 

thoracic, 960/ 

tissue damage from, 9! 
tracheal 

Biterex (denatonium benzoate), LL12 

Biting flies, 1019 

Biventricular failure, 562 

Black flies, 1019 

Black widow spiders (Latvadectus) 

bites from, 1014-1015 

species of, 1013-1014 

venom of, 1014 

Bladder mana^mew, 911 
Blast overpressure injuries, 1235 

Blastomycosis, 340 

Bleach, 

Bleeding disorders 

drug-induced, 1071 
rapid screening tests for, 736c 
Bleeding tendencies, inherited, 735 
Bleomycin, 1145 
Blindness 

with ethylene glycol toxicity, 889 
with ivermectin overdose, 889 

Bloat. See Gastric dilatation-volvulus 

Blood 

collection of 
canine 


Bicarbonate 

c 1 tied ir.. 1 ications for in loyp aid cats, 

183c 

for diabetic ketoacidosis, 849 

drug interactions of, 1089c 
excretion of, 860-861 

formula ror dtnjic of, IM 
i 1 1 l : lent of. 181-183 

serum levels of in metabolic acidosis, 

316-317 

Bicarbonate ion, 12 

gastrointestinal secretion of, 41 
Bile duct 

adenocarcinoma of, 368/ 

obstruction of 




complications from, 366 


burn with. Ill 


jaundice with, 3 66 36 7 


Bile peritonitis, 725 
treatment of, 128 

Biliary diversion, 908 
Biliary drug excretion, 1082 
Biliary obstruction, chronic, 366-367 
Bilirubin 


in abdominal trauma, 907 

metabolism of in liver disease, 75 
in peritoneal fluid, 726 

Bitroth procedures, 826 

Bioa variability, 1082-1083, 1084 

Bt ix hem teal ana lysis 
in hyperparathyroidism, 867 

for portosystemic shunt, 606 




components of 

collection of, 193-195 

indications for 
preparation of* 195-197 
storage of, 195 
Oj tension of, 18 

oxygenation « f. 427 

pH of, 259-260 

point of care testing of, 258 

proteins of, osmotic 

Blood-drug interactions, 1089r 
Blood ml ministration Alters, L 
Blood-1 ain harrier 


ror severe liver disease* 792 794 


Biological W; 1 rfart 328 

Biomedical waste disposal, 1165 
Biopsy 

for gastric outflow obstruction* 826 

for gastrointestinal bleeding. 04 . 

for intestinal obsi ruction, 811 


for severe liver disease, 795-796 


imt of* 


thoracoscopic techniques for, 144 
Biopsy forceps 

in endoscopy* 115 

in remov ing esoph l :cal foreign txx ies, 

120 - 121 . 122 / 


t * 


disr uption of, 403-404 

permeability of, 1087 

B It * xl cerebrospinal fluid barrier* bypassing 


1 ■ ■ j 1 s, -4 H(> 

Birds* intraosseous venous access in* 62 

Bismuth, 1067 1 

Bismuth salts* 105It 

Bismuth subsalicylate, 1139 
Bite wounds 


1086 


Blood chemistry analyzer, 1156 

chemistry values, 306-3071 
Blood cultures 
for multi organ failure, 688 

for pulmonary edema, 638 

disorders, ocular manifestations in* 

887-889 




#:*;i 


laryngeal, 

management of, 959-962 
considerations in, 962-963 

neck and thorax 

clinical presentation of, 937 
diagnostics of, 938 
epidemiology of, 937 

pathophysiology of, 937 
prognosis of, 938 
treatment of, 938 

sepsis 11 isk with, ^»92 




Ell 


Blood flow 

blood viscosity and, S 

cardiac output and, 995-996 

characteristics of. 1 
Doppler ultrasound of, 

during CPR, 429-431 

trfrbukfit, 9 - [ C 


laminar 
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Blood flow (continued) 


canine, 1: 

feline, 191-192 
Blood urea nitrogen (BUN) 

in abdominal trauma, 907 

in acute tumor lysis syndrome, 722 

in hypothermia, 1121 
in portosystemic shunt, 806 

in severe liver disease, 793 

Blood velocity 
in bl 
changes in, 7 

laminar and turbulent flow and, —10 
vessel cross-sectional area and, S-P 
Blood vessels 

abdominal ultrasonography of, 369 
types and characteristics of, 7t 
Blood viscosity* 8 

cardiac output and 

Blood volume 

blood pressure and, 7* 8] 

estimates of in dogs and cats, 468r 
Blunt trauma 

to abdomen, 905, 906 
in. hen 'thorax, 653 

pericardial effusion an I, 541 

thoracic, 655 


magnitude of abnormalities in, H 1 
maldistribution of, 701-702 
mechanisms of, 7-If" 
model of, 11 f 
resistance to, 1 
Blood gas analysis 

in alveolar-arterial POj gradient, 289-290 
with co-oximetry, M 
m heatstroke, 1133 
in hypothermia, 1120, 1124 
for pneumonia, s 

versus pulse oximetry, 38--39 
Blood gas equipment, 1156 


pressure and volume changes, 3£ 


ftjj 




gases 

arterial, 238-264, 637-638. 915, 991- 

992, 1121-1122. See oho Arte¬ 
rial bl 




gas analysis 

indices of in ventilator patient, 106. 
in monitoring ventilation, 428 

in shock, 473 
venous, 264-265 

Blood glucose 

monitoring of, 693 

in multiorgan failure, 692-693 

in shock, 423 

Blood lactate/pyruvate ratio 

I Mood loss. 


iiu 


in traumatic myocarditis, 606 

ventricular premature contractions with, 

667/ 

Body cavity hemorrhage. 734 

Body fluid compartments, 629-630 


hypovolemia with, ill 

minimal, body’s response to, 174-175 

physiology of, 991-994 


in >h< *.k, 4>5 


y fluid distribution, 

I3ody heat, production of, L 1 V 
]5ody mass, loss of, 218. 219 
Body mass index (BMI), 218 
Body secretions, 676 

B< kly temperature 
control of, 
elevated, effects of, 67 3 
measures to rediice, 680-682 


Blood pressure. See also Hypertension; Hypo 

tension; Hypovolemia 

in acute heart failure, ■•81 

blood velocity and, 1 

blood velocity and volume changes in, 8/ 

detection of fall in 


determining, 2 

measurement of 


direct, 

indirect, 271-272 

rapid elevation of with compressive car 

diac injury, 1005 


monitoring of, 678 

set point *4, 1110 

Body water 

distribution of, 
total, 172. ill 

Body weight 

in fluid volume assessment, 171 

monitoring of in acute renal failure, 305 
water distribution as percentage of, 173/ 

Bohr effect, 22* 21 

Bombings, injuries from, 1235 

Bond-centei v families, .11 0 1 
Bone 

gunshot wound to, 968, 969 

lodged in esophagus, 120-121. 122/ 
Bone marrow 


systolic, 5 

products 

administration of, 199 

for brain trauma, 914 


Bl 




indications for usage of, 197-19^ 

with short storage time 

Bio* : sampling, 867 

Bl» id smear, 1 > 3 

Blood studies 

for brain trauma, 915 
for spinal injury, 923 
Blood transfusion. See Transfusion 

Blood types 

huis for, 189 

in v ar s, LHO 

in dogs, 

Blood typing cards, 190-191 


analysis of in thrombocytopenia, 743 
chemotherapy effects on, 1139-1142 

Bone marrow biopsy 

for compl icatioro of immune'mediated he 

molytic anemia, 713 
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tor immune'mediated hemolytic anemia, 


in cancer, 

for liver disease, 801 

Breath configuration, proerammin^, 99 100 
Breath delivery, '±L 
Breathing assessment 

Breathing circuit function, 108 

Bret y lium tosylate 

in defibrillation, 438 
for hypothermia, 1127 
Brod ifoc oilm, 1106 
Bromad iolone, 11 Oh 

Bromethalin poisoning, 1112 
clinical signs of, 1112-1113 

diagnosis of, 1113 

pathophysiology of, 1112 

treatment of, Hll 

Bromide 

accumulation of, 1083 

adverse reactions to 

l matologic, I069t 
pulmonary, 1074 
treatment of, 1051 1 
steady-state level of, 1084 

Bronchi, gas transport in, Li 

Bronchial lavage, 598 599 
Bronchial secetions, 617 

Bronchioles, 15 

Bronchitis, allergic, M2 

Broncho®Iveolor lavage 

for aspiration pneumonitis, 595, 597 
for feline allergic airway disease, 623- 

624 

tor pneumonia, 649 

Brc vi rc hocc )ns trie t k m 
Jmg' ireduced, 1074 

with gastric aspiration, 5SL1 
with smoke inhalation, 986 
Bronchoconstrictors, hyperreactivity to, 624 
Bronchodilators 

for aspiration pneumonitis, 600 

doses of for respiratory diseases, 612 1 

for pulmonary contusion, 945 

for pulmonary pharmacotherapy, 164f 

for smoke inhalation, 987 

for upper and lower airway disease, 612- 


ILi 


Bone marrow needle, 62 1 

ne marrow suppression, 1 069 -1070 

Bone plate, 932/ 

Bordetella 

broncfusepoca, laryngeal, 605 
brtmchistpaca , tracheal, 607 -609 
in pneumonia, 64 3 
tracheobronchitis, 611—612 
trowel loop, ruling out, 329 

Bowel plication, 855 

Bowel s 




foreign bodies in, 
neoplasia of, 567 
perforation of, 970 






sonography of, 384- 36 7 


wall of, 544 

Boyle’s law, 430 


Brace, spinal, 925, 927/ 


Rrachycephalic breeds, laryngeal anatomy of 


603 


Brachycephalic syndrome, 498 

Bradyarrhythmia, 4*9, 499-510 
pacemakers for, 228 

in restrictive cardiomyopathy, 570 
Bradycardia 

in myxedema coma, 954 

opioid-induced, Zi 

Bradycardia'tachycardia syndrome, 

I i iJykinin antagonists, 705 1 
Brain 

edema of, 9JJ 
herniation of, 402 
inflammation of, 

ischemia of, opioid'induced, 21 

parenchymal damage to, 9 1. 

tumors of, 403-404 

Brain injury 

in cardiac arrhythmias, 

fluid therapy for, 913-914 

indications for for, 

initial assessment and emergency treat' 

ment for, 913-915 

intracranial pressure dynamics in, 912 

management of in near drowning vie rims 


613 


5 Si) 


Brotlch* ‘pneumonia 

diagnostic evaluation for, 642 
with pulmonary contusion, 945 
with thermal injury, 974 
Bronchopulmonary disease, feline, 
{bronchopulmonary inflammatory response, fe- 

line, 621-622 


medical therapy for, 915-917 

mortality rates with, 910 
oxygenation and hyperventilation for, 


pathophysiology of, 910-911 

secondary, 911-912 

prognosis and complications of, 918 

pupillary abnormalities after, 882 

secondary assessment and diagnostic proce 

dures for, *15 


Bronchoscopy 

for aspiration pneumonia, *44 

for aspiration pneumonitis, 
for feline allergic airway disease, 
Branch) spasm 

mangement of, 163 

sustained foil in ETCOj indicating, 93. 


Brainstem 

opioid'induced herniation of, 21 

reflexes, of, 41 * 

Branched-chain amino acids (BCAA) 


94/ 
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for chemotherapy-induced Gl toxicity, 

1139 

for cough, 161 

dose, route, and frequency of, lit 

drug interactions of, 1089* 
maintaining accurate records for, 74—75 

for pain in shock, 470 

for peritonitis, 7^ ± 

properties of, 71 

for respiratory tract disorders, (ill 
In upper Gl endoscopic anesthesia, LLfi 
Butterfly catheter, |9 

Butyroph : v : 

CNS toxicity of, 1067t 
seizures with, 1065 


Brown recluse spider (Loxosceles), 1013 
bites from, 1015 

Bubble diffusion humidifier, 161-162 

Buccal mucosa 

bleeding ? ime of, 736 

in hemostatic defects, 737 

edema and ccchvmoses of with snakebite 

1031 1 

Bufagenins, 1020-1021 

Buffered crystalloid solutions, 16? 


Bm 1 


o/uarius, 1020-1021 

marmus, 020-1021 

Bufotoxins, 1020-1021 

Bundle branch block. See aho Left bundle 

branch block; Rij.br bundle 

branch block 


Cachexia, cancer 
causes of, 216-221 
definition of, 218 

dietary therapy for, 

Cage side hemostasis evaluation, 735-736 
Calcitonin, 861 , 1110 
Calcitonin receptors, 56 
Calcium 
control of b\< 

mCFR 

decreased blood levels <4. 

in ECG abnormalities, 251 

elevated blood levels of, 662-663 

homeostasis of, 11 10 

homeostasis of and receptor dysfunction. 


clinical presentation of, 4% 
diagnostic evalution of, 497 


ECG findings in, 496 497 


leads to detect, 244 

pathogenesis of, 495 

treatment art* 1 prognosis of, 497 
Bundle branches, 242 
Bupivacaine 

epidural doses f, 19t 

for flail chest, 953 
intrapleural administration of, 60 

for pain management, li>5 

for pancreatitis, 31 

for rib and sternal fractures, 663, 9S2 

Bupranorph ine, 727 

Buprenorphine (Bi i pren ex), 132 
for caustic esophageal injury, 02 
drug interactions of, I089t 

for pain in sbt > :1, 470 

for pericardiaI effusion, 546 

Bum injury 

causes of, 97 3 

classification of, 973 -974 


levels of, 660-861 


m 


M 


for hyperparathyroidism, 666 


for hypoparathyroidism, 866 - 669 


preparations of. 866r 

for pulseless electrical activity, 510 
release of, 50 
Calcium agonists, 7421 

Calcium-binding protein, 50 
Calcium carbonate preparations, 

Calcium channel blockers 








diagnostic evaluation of, 
frozen plasma for, 196 


for brain trauma, 9 1 .1 

for cerebral resuscitation after cardiopulmo 

nary arrest, 4451 


pathophysiology of, 974 -975 


gnosis for, 960-96) 




in CPR 

for dilated cardiomyopathy, 561 
for hypertrophic cardiomyopathy, 567 
for near drowning victim, 580 

in sinus bradycardia, 496 

for supraventricular tachycardia, 514 

for thyroid storm, 3! 

for traumatic myocarditis, 666 
Calcium'Containing solutions, drug interac 

tions of, 1089t 

Calcium disodium EDTA, 1089t 


radiation, 1234 

in systemic inflammatory response syn- 

drome, 700 

total body surf;ice area (TBSA) of, 973 


974 


treatment of, 979-980 


initial, 977 

long'teim, 

triples of, il? 

Bum shock, 976 

Burnout, 1175 
preventing, 1173-1 1 74 

Butal ine, 640 

Buthidae, 1013 

Butorphanol tartrate (Torbutrol), 978t 

Butorphanol (Torbugesic) 

for caustic esophageal injury, 112 


Calcium gluconate 

for atrial standstill, 5fi2 

for hyperkelamie, 115 
preparations of, 8681 
Calcium berate preparations, 8661 
Calcium oxabte crystal urea, 330/ 
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Calcium oxalate crystals, 1044-1045 

Cakri virus, 605 

Calipers, 11H 

Calmodulin, 50 

Calorics 

calculating supplementation erf, 206 207 

inadequate intake of, 201 

requirements of in acute renal failure, 321 
Calvaria, depressed fracture of, 915 

(CinpykjhactfT 

jejuni, 266 

in osmotic diarrhea, 764 

Cancer 

cachexia of, 218-226 

possible mechanisms of, 223/ 

energy metabolism in, 219-220 

km of appetite in, 218 

metabolic derangements in, 216-219, 


in enteral formulations, 210 
metabolism of 


in cancer carhexu, 221-222 


in hepatic dysfunction, 788 

Carbon dioxide (GO*) 

colorometric detection of, 59 

exchange of, 107 * 108 

hydration and chemical interconversion 

of, 22 

in ox i ] ition reaction 
in smoke, M2 
inability to excrete, 122 

noninvasive methods of monitoring, 86, 

89-94 

monitoring of in ventilator patient, 107 


108 


retention of with intermittent mandatory 

ventilation, 102 


transport of, 22 


Canebrake rattlesnake venom, 1027 

Canine adnovirus, tracheal, 608 

Canine bloat. See Gastric dilatation-volvulus 

Canine distemper 

laryngeal inflammation with, 60S 

tracheal inflammation with, 608 

C anine b • *es virus, tracheal, 608 

Canine parainfluenza virus, tracheal, 607- 


hemoglobin in, 22-23 


Carhjft dioxide-hemoglobin dissociation, 


22 


Carbon dioxide surgical laser, 613 
Carbon monoxide poisoning 

in pneumonia, 
from smoke, 982- 983 

Car Km skeleton, 2fl 

Carbonic acid, 22 

Carbonic anhydrase, 22 

Carbonyl chloride, 1230c 
Carboplarin-ielatod neutropenia, 1139-1140 
Carboxyhemoglobi n 

co-oximetry measurement of, 32 

in elevated pulse oximetry’, 33 

Cardiac amianhythmic drugs, 48c 
Cardiac arrest, 5IQ 

Cardiac bypass, 1125 

Cardiac catheterisation, right-sided, 272- 


o: b 


Canine reproductive tract 

femak 

male 

Canine thorax, camera and instrument per 

tal insertion sites in, ' 43f 

Canine typing < rds, 191 

clinical application of, 191 1 


* .jfM.Vr.u oeropJiilia, 619 
diagnosis and treatment of, 6201 

Capillaries, 7c 

Capillary-alveolar membrane, 16 
Capillary leak syndrome. See Acute respire 

rory distress syndrome 

Capillary refill time, L21 


225 


Cardiac cells 

depolarized, 488 

stimulation and relaxation of, 241-242 
Cardiac dysrhythmia. See Dysrhythmia 

Cardiac function 

in anemia, 998-999 

M-mode echocardiography in assessing, 


Capnogram, 90-91 


PaCOj and ETCOj values in, 94 
waveforms, 91-93 

Capnogram waveforms 

chm l es in, 21 
comixments of, 2] / 

in diagnosis, 20 


v ' Jiac glycerides 

cardiotoxicity of, 1073 
target of, 4S t 

Cardiac injury, 655 

Cardiac insufficie ncy, 192 
Cardiac life support, advanced, 433 

Cardiac 

Cardiac 

Cardiac monitoring, 240c 
Cardiac muscle 

automaticity of, 241-242 

conductivity of, 241-242 
contractility of, } 
shortening of, 4-5 


Capnogmphy, 864 108. 287 


'• > 1 nomecry, 82 
infrared. 20 

Cuptopril, 48i 
Capture voltage, 233 
Carafe te 

for coagulopathy in liver disease, 800 

for severe liver disease, 7971 

Carbe nic ill in disodium, 1089r 

Carbohydrates 

for cancer cathexia, 224 


closed chest, 436 


Copyrighted material 







Index 


Cardiopulmonary function, monitoring of, 


Cardiac output, 1-2 

in anemia, 995-997. 998 

in arterial pressure, 270 

decreased with ventilation, 111 

distribution of, 20 

in heatstroke, 1131 

low, 294 

ETCO 2 trends indicating, 94 
measurement of, 294 

with pneumothorax, 946 
in pulmonary artery pressure, 275 
venous return and, 11.-13 
Cardiac output/venous return ratio, LL U 
Cardiac performance, 1 

Cardiac pump theory, 429 

Cardiac rhythm, interpreting, 252 
Cardiac tamponade 

diagnostic criteria for, 

pericardial effusion in, 542. 

Cardioactive drugs, 742 1 

Cardiomyopathy, 550 

in acute heart failure, 480 

cardiac clots in, 355/ 
complications of, 354 
dilated, 479. 550 

canine 


992 


281 


Cardiopulmonary resuscitation (CPR), 42J 

AHA guidelines for, 

flow mechanisms during, 429-431 
closed-chest, 431 

end-tidal carbon dioxide monitoring dur 

ing, 423 

for hypothermia, 1123 

interposed abdominal compression, 431- 




im 


432 


intratracheal route with, 61 


for near drowning victims, 579 

newer techniques of. 


open-chest, 432-433 


oxygen administration during, 423 

si mu 1 taneous compress ion- ve nt 1 1 at ion, 


431 


techniques of, 1220 

for ventricular fibrillation, 521 


Cardiotoxicity 

chemotherapy-induced, 1142-1143 
drugs associated with, 1072-1073 

of therapeutic drugs, 

Cardiovascular dysfunction 

in multiorgan failure, 688 

treatment of, 688-690 

Card tov.i>cular monitoring, 266 

of arterial pressure, 270-272 
of arterial pulse, 
of cardiac output, 
of central venous pressure, 268-270 

of heart rate, 266 

of pulmonary artery* pressure, 225 
of pulmonary capillary* wedge pressure 


clinical presentation of, 556 
diagnostic evalu.uion of, 556—559 

etiology of, 


puthophyslologv of, 553-556 


prognosis of, 5h2 

therapy for, 


echocardiography of, 350-352 


feline, 550-551 


in myxedema coma, 854 
prevalence of in canine breeds, 551 1 

prognosis of in pulmonary' edema, 641 

hypertrophic, 255, 562 

echocardiography of, 352-354 


275-277 


right-sided cardiac catheterization in. 


of right ventricular systolic and diastolic 

volumes, 278 

Cardiovascular reserve capacity, inadequate, 


in left heart failure, 331 
restrictive 

echocardiography of, 354-356 

feline 

in right heart failure, 333 

thoracic radiograph of, 333/ 

Cardiopulmonary arrest, 421 

advanced or cardiac life support for, 433 

444 

during anesthesia, 1159 

basic life support for, 423-4 
carbon dioxide levels in, 89 


453 


Cardiovascular response, alterations in, 54 
Cardiovascular resuscitation, 940 
Cardiovascular system 

abnormalities of, 915 


design of, 1-2 


risk factors to function of, 110 
ventilatory support effects on, 98-99 

Cardioversion 


for atrial fibrillation, 516 
direct-current 

for myocardial injury, 1009 
for supraventricular tachycardia, 513. 514 

for ventricular fibrillation, 521 

Cardizem CD, 567 

Care versus cure question, 1212-1213 

Carnitine, myocardial, deficiency of, 55J 

Carnivores, canine teeth of, 959 

Carprofen 

gastrointestinal adverse reactions to, 1064 


33 


clinical presentation of, 421 

emergency medications and equipment 


tor, 1160 


exponential fall in ETCO: indicating 


92/ 


pathogenesis of, 421 

prognosis for, 446 
prolonged life support for, 

treatment of, 421-423 
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immune-mediated hemolytic anemia in, 

71R-719 

normal hemodynamic variables in, 268t 
pyloric stenosis in, 823 

restrictive cardiomyopathy in, 568-372 

stress^inductd hyperglycemia in, 846 

teeth of, 959 

trichobezoars in, 8 2 5 
Caudal vena cava thrombosis, IM 

Caustic esophageal injury, 130— 1 \2 

Cavity evacuation catheter, 1 56 
CD14 receptors, 697 
<■ -cal inversion, 829 

treatment of, 833 
Cefazolin (Kefzol) 

for bite wounds of neck and thorax, 938 

doses of for respiratory diseases, 612r 

drug interactions of, 1089! 

Cefotan 

doses of, 61 2t 

for respiratory tract infections, 611 

Cefox itin 

for abdominal trauma, 908 
for aspiration pneumonitis, 600 

for Hite wounds of neck and thorax, 9 Is 


m heatstroke, 1134 

hepatotoxicity of, 1062-1063 

Carrier proteins, competition for, 1099 

Carvedilolol 

cardiotoxicity of, 1072 
for dilated cardiomyopathy, 362 
Casualty collection poults, 1241 

Casualty triage, 1235-1238 

Catabolic states, 210 
Catabolism, 202 

balanced protein and fat, 202-203 
cytokines stimulating, 219 

of muscle protein in cancer, 22 } 
Catalase, 11 

for brain trauma, 917 
t atarac ts 


in diabetes mellitus, 845, 884 
in hypocalcemic puppy, H86/ 
in hypoparathyroidism, 865 


punctate linear, 684 885 


l Catecholamines 


cardiotox icity of, 10721 
in congestive heart failure, 54 
fur hyjotl ermia, 1 127 

in lipase activation, 202 

for low output failure, 483 

mediating arteriolar vasoconstriction, 174 

production of, 835 

Cathartics 

for tricyclic antidepressant toxicity, L 
for 2 inc phosphide poisoning, 1113 
Catheter-based embolcctomv, 536 

Catheter-related infections, 675 

guidelines to reduce risk of, 305, 308t 

nosocomial, 677 

• itheterization 

complications of, 2 1 \ 

pain with, 69 

peripheral intravenous, 5 8—61 
transurethral, in acute renal failure, 103 
Catheters 

drugs binding ro, 1094 
for fluid resuscitation, 456-457 

insert ion site lor. 59 -ISO 

maintenance of, 39 - 60 . 66 
occlusion of in parenteral nutrition, 6J 
overt:. needle, 5J I 

selection of, 59 
ihrough-the-needle, 59* 150 

tmnstrac I leal, 1 - «9- 1 5Q 
Cations, 50 
Cats 


for pancreatitis, 781 

for peritonitis, 727 
Celiography, positive contrast, 951 
Celiotomy 

for abdominal trauma, 908 

for intestinal obstruction, 6?3 
Cell-mediated hypersensitivity, drug-induced, 


2 




1056 


Cell membrane, compromised integrity of, 433 

Cellular communication, 47 

Central nervous system 

adverse drug events in, 1065-1068 

depression of 

controlled ventilation *ith, 92 
with hypothermia, 1116 

in heatstroke, 113' 

injury to in near drowning victims, 560 

MRI of, 400-410 

Central respiratory center depression, 284 
Central venous pressure (CVP), IT, Q 

in acute renal ullure, 105 

elevated, 546 

monitoring of, 268- 2 70 

in near drowning victims, 

with pericardial eff usion, 544 
for pulmonary edema, 638 
in shock, 472 

waveform, phasic events of, 266-270 

Cephalexin (Keflex h 6121 

Cephalic venous access, id 
Cephalosporins 

for abdominal trauma, 908 
for aspiration pneumonitis, 600 

for bite wounds, 963 

for caustic esophageal injury, 131 

drug interactions of, 1089t 


asthma in, 618 

blood collection in, 194-195 

blood types in, 190 
blood typing cards for, 191-192 
bronchopulmonary disease in, 
daily water requirements for, 
dilated cardiomyopathy in, 

fluid overload in, 615 

hypertrophic cardiomyopathy in, 


Copyrighted material 











Ceph ■ l | or ins (commut'd) 

for intestinal obstruction, £33 
for liver disease* $00-801 

for pain in shock, 470 

for respiratory tract infections, til 1 

for shock, 4711 

'■ ; b i loth in, 1089t 

Cephoxitin, 768t 
Cerebral blood (low 

with adrenergic drugs, 439 
autoregulation in, 
decreased 

Cerebral edema 

in liver i *a>e, 790 

with near drowning, 577 

T2-weighted images if, 403 / 

treatment of, 

Cerebral hypoxia. 

Cerebral injury, postresuscitation, 

1 t nebral i t rfa ion pressure, 419 

in beam trauma, 912 

Cerebral resuscitation 

for cardiopulmonary anest, 

drugs for, 445t 

Cerebrospinal fluid acidosis, 133 
Cerebrovascular infarction, 404-405 
Certification, ; 171-1172 

C eru loplasm i n, 13 

t ions of, 11 i 

Cervical trauma 

ha gas s disease, 495 

Chelation therapy, 1055t 

Chelators, 799£ 

Chemical autoregulation, 912 

Chemical injury 

causes of, 923 

diagnostic evaluation of, 976 

path* | hysu>1«>gy of, 975 

prognosis for, 930 

treatment foe 
Chemical restraint 

in canine blood collection, 193 

in feline blood collection, 194 

Chemical vapor exposure, 1229 
Chemical warfare, 1228-1229 

Chemoattractants, 44-45 

Chemodectoma. 543 

Chemophor EL, 1144 

Chemoreceptor trigger zone (CRTZ), stimuli 

tion of, 1063, 1137 

in diabetes mellitus, 844 

Chemotherapy 

adverse effects of, 1 137 
cardiac toxicity of, 1142-1143 

emetic potential of, 1138t 
gastrointestional toxicity of, 1117-11 >9 
hematologic toxicity of, 1139-1142 

hypersensitivity reactions to, 1143-1144 

neurologic toxicity of, 11 f4 

pulmonary toxicity of, 

for severe liver disease, ?98t 


Chest compression, 42? 

external, 429 

mechanism of, 1004-1005 

recommended rate of, 430-43 1 

with ventilation, 428 

Chest drainage systems 

homemade three-bottle, 159 / 

securing methods for, 158f 

Chest drains 


examples of, 157/ 


Chest leads, 2 4 4 

unipolar precordral, 2451 

Chest motion, in ECG recording, 249 


230 


Chest physiotherapy, 160 -161 


Chest radiography, 637-638 


Chest tube 


adapter and three-way stopcock for, 156- 


12 


insertion *>f, 1 56-160 
pain with, 62 

Chest wall injuries, 655 

physical examination of, 936-9 3 
in pneumothorax. 

Chest wound .sucking, 656 

Chief cells, 40. 860 

hyperplasia of, 863 

Chlohexidene solution, 961 
Chlorambucil (Leukeran), 219 

Chloramphenicol 

adverse dermatologic reactions of, 1069t 
hone marrow suppression with, 1070 
caidiotoxicity of, 1072t 

drug interactions of, 1089c 
in enzyme inhibition, 109S 
hematologic disturbances with, 1070t 
increasing sensitivity to vitamin K rodenti 

cide, 1109c 


Qi lotide, 105 h 

C-hloride channel, 50 51 
Chloride ions, 824 

Chloride shift, 22 

Chlorophz :inone. 1106 

Chlorprotnazine (Thorazine) 

for adverse drug reactions, 10511 

for chemotherapy-induced GI toxicity 


for hemorrhagic diarrhea, 769 

Choice, illusion of, 1203r 
Cholecalciterol rodenticide toxicity, 1109 


1110 


clinical presentsrion of, 

pathophysiology * r , 1110 

treatment < >i 1111-1112 

Choi«: v st ec tomy 

for abdominal trauma, 908 

for abnormally distended gallbladder, 


366 


Cholecystitis, 365 
Qiolestasis, acute necrotic, £02 
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Citrare-phosphate-dexi rose-adenine (CPDA 

a 123 

Curated plasma, 738 

Clavamox, 611 

Clear cells, 860 

Client-present euthanasia guidelines, 1198- 


i. ! i ■I ' ■ i 

metabolism of in hepatic dysfunction, 


serum levels of in cancer, 221 

Cholinergic drags 

adverse reactions to, treatment of, 10511 
in pancreatitis, 773 
tlolinesterase lh bitors 
advene reactions to, 10521 

in pancreatitis, 773 

Chondroma, tracheal, 606 

Owndrosarcoma, tracheal, 606 
Choriorettmt is, 8 83 

Choroid plexus turnon, 404 
Chronic renal failure, 186t 

Chyle, 511 

Ctlasttn, 1099 
Ciliary dyskinesia, 646 

Quietidine (Tagamet) 

for acetaminophen toxicity, 1063 

acetaminphen metabolism and, 1098- 

1099 

for aspiration pneumonitis prevention. 


1199 


l - I i Jamycin, 908 

Clinician/patient ratio, 1170 

Clonazepam, 828 

Closed brc.ithmg system, 90 
Clostridial infections, 787 

Cbsmdmm perfringem 

in hemorrhagic diarrhea, 766 

m osmotic diarrhea 

Clot formation 
Clotting foe tors, 193 

for anticoagulant todenticide toxicity, 


11Q 


circulating half-lives of, 1106-1107 
with red Mood cell r rsf sion, 197 

Vitamin K-depti dent, 198 

Clotting lime. 

Ouster seizure 

clinical presentation of, 823 
diagnostic evaluation of, §21 

< Mi l I Jogs’ of„ 872 

pathoggr ti > of, fiZi 
treatment of, 874-878 
C ) z tension, 282 
Coagulation 

abnormalities of in 


598 


for coagulopathy in liver disease, 800 
drug interactions of, 1096 

in enzyme inhibition, 1098 

for gastric mucosal injury, 126-127 

G1 tract drug interactions of, 1095 

hematologic disturbances with, l070t 
for immune-mediated hemolync anemia, 

7l6t 

increasing sensitivity to vitamin K rodenti 

ode, 1109c 

in pancreatitis, 773 
receptors mediating, 55t 

for severe liver disease, 7981 

for uranic gastrointestinal disorders, 32 1 

Ciprofloxacin, 1066 

Circulating volume, 162 

Circulation 

assessment of, 

compromised by bite wounds, 957, 959 
Circulation, airway, breathing (CAB) se¬ 
quence, 428 
Circulatory failure, LZ2 
Circulatory pattern, 1 

Circulatory shoe :, 691 

Circumferential abdominal wrapping, 908 


liver disease, 794 


in hypothermia, 1119 

profile of for peritonitis, 725-726 

screening of in pulmonary edema, 638 
Coagulation assay equipment, 1156 

Coagulation cascade, 771 732 

in thrombocytopenia, 743 

widespread activation of, 746 

Coagulation enzymes, 731-732 


Coagulation factors, 192 , 731-732 


deficiencies of with dep ble< 14 , 734 

synthesis of, 2S J 3 

i igulatkm proteins, 731 

Coagulation testing 

for hemostatic defects, 738-740 

for immune-mediated hemolytic anemia, 


7U 


( um. 7ipathy 

with brain inj m , 918 

fresh-frozen plastna for, L28 

in hemostasis disorders, 711 

in hypothermia, 1 122, 1123-1124 
in liver disease, 746, 790 

treatment of, 800 
severe heim xrrhage with, L9Z 

Coal-tar shampoos, 1069i 

Cocaine, 1052 1 
Cocckhomycosis, 541 
Codeine, 163 

COHb poisoning, 645 


909 


Cirrhosis, 368 

Cisapride (Prcpulsid) 
card lot oxicity of, 1072t 
for delayed gastric emptying, 827 

drug interactions of, 1097, 1101 

Cisplatin 

nephrotox ic i ty of, 1060 

neurotoxicity of, 1 144 

pulmonary toxicity of, 1144-1145 
vomiting control with, 1139 
Gb-platinum, 615 
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Cold water immersion, 578 

for bum injury, 977 

Colectomy, 833 
Colloid osmotic pressure 

in increased permeability edema, 631 
increasing for pulmonary edema, 640 
intravascular, 630 

in pulmonary fluid balance, 631. 632 

Colloid solutions 

for acute respiratory distress svndrome 


Compressive cardiac injury, 1004-1005 
Computed tomography (CT) 

for abdominal trauma, 908 

for brain trauma, 915 
emergency use of, 399 
equipment for, 1158 
for intracranial trauma, 402 
for penetrating wounds, 958 

of skull, 339 
for spinal injury, 924 
Concussive injuries, 578 

Conducting airways, sequential branching of, 


588 


for ascites, 800 

for cardiovascular dysfunction, 689 

commonly used, 4621 

for fluid therapy, 184-185 

for hemorrhage and hypovolemia, 458, 

461-465 

for hemorrhagic diarrhea, 765-766. 767 


15 


Conduction delay, 495 
Conduction system, 242 

abnormalities of, 489 

Conductivity, 

Conflict 

breaking cycle of, 1181 
in critical care settings, 11 S3 r 
cycle breakers in, 1182 { 
cyclic nature of, 1180/ 
gender issues and, 
systemic nature of, 1179-1181 

Conflict resolution, 1178-1189 

methods of, 1183-1185 

Congestive heart failure, 48 \ 
cardiomyopathies in, 550 

in cor pulmonale, 529 

with dilated cardiomyopathy, 562 

epidemiology of, 480 

fluid therapy for, 186t 

myocardial function and, 348 
receptor dysfunction in, 551 
receptor regulation and, 54 

in restrictive cardiomyopathy, 572 

right-sided, 541 
signs of, 543 

treatment for 

Conjunctiva, evaluation of, 881 
Consciousness 


768 


for hypovolemia, 172 
inclusion of, 468-469 

for peritonitis, 727 

for pulmonary contusion, 944-945 
routine use of, 476 

selection of, 466-467 

for thermal injury, 979 

Colloidal antacid compounds, 598 

Colon 

obstructions of, 830 
stem cell proliferation in, 41 
Colonoscopy 

Color flow Doppler ultrasonography, 343. 


344 


for endocarditis, 349-350 

for restrictive cardiomyopathy, 
Coloromctric carbon dioxide detection 


89 


Colubridae, 1025 

Coma, smoke-induced, 984. 

Coma scores, 261 
Comatose patient, 401 

Combination fluid therapy, 468-469 
Commitment, in conflict resolution, 1184 
Communication skills, 1189 

t immunity resources, 1201-1202 
Compensatory anti'inflammatory res 


loss of with submersion, 578 
Constant rate infusion (CR1), U 

Contagious nursing care, 1165 

Continuing education, 1166 

for burnout prevention, 11 - 
in thoracoscopic techniques, 138-139 
Continuity equation, 8-9 
Continuous abdominal compression, 432 
Continuous electrocardiography. 

Continuous positive airway pressure 

(CPAP), 104 

for near drowning victims, 580 
in weaning, 110 

Contractility, 3^ 6-7 

in stroke volume, 278 

Contrast agents, 498 

Contrast gastrography, 251 
Contrast imaging 

for abdominal trauma, 908 


•nse 




syndrome (CARS), 698-699 


Complement 

activation of, 189 
fixation of, 189 
in immune reaction, 710 

in phagocytosis, 211 
Complete hi 

in esophageal disorders, 81 9 

in heatstroke, 1133 


count (CRC) 




in pancreatitis, 775 

in peritonitis, 725 

Compound muscle action potentials, 896 
Compression-decompression class thoracic in 

jury, 942 

Compression-induced ventilation, 427 
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Critical Care Unit: (contmtied) 

drug deposition and fosing regimen in 

1082-1084 

dnig disposition chang ■» in. 
drug movement and dispOMtion in, 10H1 

1082 

versus emergency room 

equipment for, 1147-1166 

staffing of, 11 6H-1174 
(.'ritically ill animals 
nutrition in, 202 - 216 

I l.riCOSCOpy for. 1 ‘ / 

( 'ross-pin • :».iir, 663 

Croapi tail chin 132 

for hemolytic reaction, 2 PC 
typo of, 122 

Cr ontl idae. 1025, 102 6 

incidence of bites by, 1029 
venom of, 1027 

Crotaltdae antivenin, 1036 

purified, 1037-1038 
Crush injury, bite-related, 95? 

Ctyoprecipatate, 44 

Gt fpt defensin, 43 

Cryptdins, 4 3 

C rvpts stem calk of, 41 

Crystallization, drug. 

Crystalloid fluids 

for acute tumor lysis syndrome, 723 

for aspiration pneumonitis, >99 

'Or brain trauma, 914 

for cardiovascular dysfunction, 689 

D5W added to, UQ 

i or Eisenmen :er si ndtome, 55 ■ 
electrolyte concentrations of, 459e 

for fluid therapy, 181 1S3 

fo complications of imimine-mediated he¬ 
molytic anemia, 718 

for hemorrhage and hypovolcmia, 458, 


effects and treatment of, I230r 
with niCTop upside, 484 
in smoke, 982-983 
Cyanogen chlor ide, 1230t 

Cyanomethemoglobin, neutralization of, 

1229 


1 yai si 221 

Cyclic guanosme monophosphate (cGMP) 


12 


Cyclooxygenase 

action of, 4 2 

isoforms of, 29 

Cyclooxygenase L 1059-11 
Cyclooxygenase II* 1059-1060 

Cyclophosphamide (Cytoxan) 
cardiotoxicity of, 1072c 
for immune-mediated hemolytic anemia, 

716t, 119 

for thrombecftopen ia, 744 
Cyclosporine A (Sandimune), 716c 

( yclospt>rine (Ne« al) 

adverse effects of, 1049 

for myasthenia gravis, 8971, 699 

risks of, 901 

for thrombocytopenia, 744 

Cyclost'orine ophthalmic ointment (Optim 

mune), 887 

Cyproheptadine, 626 
Cystitis 

?*>n :: <pliy for, 182 
traumatic, 183/ 
ulcerative, S80-381 / 

Cystocentesis, 376-377 f 

Cystography 

double contrast, *0 
indications for, 330' 

Cystourethrography 

contrast extravasation in, 330/ 

for peritonitis, 727 

Cysts, abdominal, 337 
('ytauxzoonosis, 787 
Cytochrome oxidase, 28 






for hemorrhagic diarrhea, 763 766, 767 

for hypothermia, 1127 
for hy povolemia, 172 

for immune'-mediated hemolytic anemia. 


Cytochrome P-450 enzyme dysfunction, 


789 


Cytok tries 

in acute respiratory distress syndrome 

580-581 

in intercellular communication, 47 

in mucosal barrier, 42-43 

in multiorgan failure, 686-687, 69 \ 

pro-inflammatory, 686-687 

in stress starvation, 2£Li 

tumor cell release of, 2 19 
Cytology 

for abdominal trauma, 907 

for peritonitis, 728 

for pneumonia, 649 

for pulmonary edema, 638 
Cytology brushes, 11 5 

Cytoprotective drugs, 729 

Cytotoxic adverse drug events, 1049 


716r 


for pericardial effusion, 546, 547-548 

for peritonitis, 727 
for pulmonary contusion, 944-945 
in resuscitation, 476 
selection of, 

for snakebites, 1038 
supplementing, 187 

for (mid ; «fiwfttng, 1021 
‘ [ r *gc 

h ind p ution for, 1 60/ 
primary points for, 161 / 

I limine, 105It 

Curare, 10 >2t 

Current flow rules, 242 
Outdown procedures, 61 

Cyanide toxicity, 1229 
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D'dimer rest, 739-740 

21. iminc 

for adverse drug reactions, 105 3 r 

tor severe liver dise.ise, 799 f 

Danaiol (Danocrine 

for immune'mediated hemolytic anemia 

716c 


in diabetes mellitus, 

fluid therapy for, I86f 
in heatstroke* 1131-11 32 

intracellular, ISl 

in pancreatitis, 774-775 

Delayed afterdepolarization (DAD), 490 
Dela>esd conduction. 

Delayed gastric emptying 

in gastric outflow obstruction, 823-824 

treatment of, 82 

Delayed hemolytic reaction, immune-medi- 

ated, 200-201 

Delayed hypersensitivity, drug'induced, IQS6 
Demand pace' ■ ■ • k er«, 

IVnatonium bw ate, 1112 

Deoxyhemoglobin, 86 
\ v; olarization, 241-242 

process of, 

in atrial fibrillation, 514 
schematic drawings of, 243 f 
Depolarization wave, 244 f 
Depolarization wavefront, 490 

L-Dcpicttyl (Anipryl), 842 r 

Dermatologic reactions, drugs j*s& stated 

with, 1068, I069r 

l \satnino 8-arginine av pressin (DDAVF 

744-745 


845 


for thrombocytopenia, 744 

I)antrolene (Damnum) 

for heatstroke, 1134 

for malignant hyperthermia, 1116 

Dapsone, 1015 
Darkroom, 1158-1159 

Daunorubictn, 1072i 

• )azzle reflex testing, 881-882 

antigen testing, 1 91 


’ 1 ‘ad space, 16 

calculation of, 107-108 

increased anatomic, filt 
increased physiologic, 91 1 
Dead space ventilation, 281 

'earl. 


human-animal bond and, 1196-1201 

informing clients about, 1200 

Debridement 
for bite vi hk1% 962 

for bum injury, 977-978 

for elec meal injury, 980 

for gunshot wound, 969 

for impalement injuries, 963-966 

Decision'making, 1195 

in euthanasia, 1197-1198 

owners' involvement in, 1220 
Decomposition, . 4- 16 
Decompression/stabilization, 921 
Decontamination, radiation, 1234-1235 

’ breathing, 160 

Deep pain perception, 923 
Deer flies, 1019 

Deferoxam me, 10511 

Deferoxamine mesylate, 9j 7 
Deft br illation 

adrenergic drugs in, 438- 440 

body size and, 52It 

chemical, 438 

versus delivered energy, 436/ 
electrical 


Desquamation, 975-976 


Dexametl last me 


antiepileptic ■ rfect of, 1065 

for chemotherapy-induced hypersensitivity 

reaction, 1144 

doses of for respiratory disease 

for hvi ma* Ireneicorticism, 8411 

for immune^mediated hemolytic anemia, 

716i, H9 

for insulinoma, 851 

receptors mediating. 551 

for seizures, ? 2 ■ 
for severe liver di 
for smoke inhalation, 962 
for snakebites, 1038 
for spina! injury, 9|7 

Dexamethasone sodium phosphate 

for laryngeal edema, 611 

for pulseless electrical activity, 51Q 

Dtxrazoxane (Zinecard), 1072, 1143 

Dexnran 

for brain trauma, 914 

indications for, 184 

for shock 

for thermal injury, 979 

Dextromethorphan, LM 

180-181 

for acute renal failure, 3 20 
for hypoadrenocorticism, 84It 

for hvf, >. lycemia 
for insuf inoni;i t 851 r 85 

intraosseous administration of, 62 

for sepsis, 704c 

for severe liver disease, 797r 


6!2f 


798f 


open-chest, 437-438 


spontaneous, 

threshold of, 

variable affecting, 437e 

for ventricular fibrillation, 521 

Deficit volume, calculating, 179 

Deflection 

amplitude of, ;42 

depolarization wave effect on, 244 / 

positive ami negative, 242 

Deg loving injuries, 6H - 69 

Dehydration 

in acture renal failure, 312 

assessing physical parameters of, 169 171 
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Diabetes insipidus, Sic 
Diabetes mellitus 

characteristics of, 844 
clinical signs of, 845 

diagnosis of, 846 
epidemiology of, 845 
fluid replacement for, 182 

hyperosmolar coma in, 849 
iatrogenic hypoglycemia in, 849-850 

ketoacidosis of, 844, 845, 846. 847-849, 


nosocomial, 677-678 
osmotic, 764 

Diastolic pressure 

arterial, 273 / 

pulmonary artery, 274/ 

Diastolic volume, right ventricular, 278 
Diazepam 

dose and frequency of, 78c 
drug interactions of, 11 
hepatotoxicity of, 1062 

in 1CU sedation/anesthesia, 82 
intranasal administration of, ^ 

intrarectal administration of, 63 
in liver failure, 287 

maintaining accurate records for, 74-7S 
for portosystemic shunt, 808 

for seizures, 875-876. 1068 

for snakebites, 1039 

for status epileptic us, 8221 

for strychnine poisoning, 1114 
for toad poisoning, 1021 

Picoumarol rodenticides, 1106 

Diet 






850 


clinical signs of, 845 
diagnosis of, 846 

fluid therapy for, 186t 

prognosis for, 850 

treatment of, 185, 842-849 
ocular manifestations of, 883-884 

in pancreatitis, 226 

pathogenesis of, 844-845 
prognosis for, 850 

treatment of, 846—842 

type 2* 551 

Diagnostic evaluation, thoracoscopic, ! 4 3 


for cancer cachexia, 224-226 


L4 


Diagnostic imaging, 1156 

equipment for, 
personnel and procedures for. 1156-1157 

structure of facilities for, 1158-1159 

Dialysis 

for ethylene glycol intoxication, 1047 
peritoneal, 1047 

for refractory oliguria, 122 
Dtamondhack snake, 1029 
Diaphragm 

injury of, 908 

in lung expansion, 15-16 

tears in, 659 

Diaphragmatic hernia, 655 

clinical presentation of, 660, 907, 950 

complications of, 662 

dfaiptostic evaluation of, 660-661, 951 

emergency treatment of, 661-662 

epidemiology of, 950 
pathogenesis of, 659 
pathophysiology of, 950 

prognosis for, 662. 951 
sonographic diagnosis of, 363 

surgical treatment of, 662 

with thoracic trauma, 935 

transverse sonogram of, 365 f 
treatment of, 951 

Diarrhea 

acute hemorrhagic, 763 
diagnostic evaluation of, 765-766 

pathogenes is of 

prognosis for, 769 

treatment of, 766-769 

chemothe ra py-induced, 1139 
enteral dtet-assoctured, 21Q-211 

in enteral nutrition, 212 
fluid therapy for, 186t 


enteral, 208-211 
immune enhancing, 205 

Dtethylcarbamazine. 1069t 

Difenacoum, 1106 

Difethalone, 1106 

Diffusion impairment, 287-288 
Digitalis, 

Digitalis glycosides, 1053r 

Digitoxin, 1 
Digoxin 

for atrial fibril 1 at ion/a trial tachycardia, 




t 


cardiotoxicity of, 1072t, 1073 

for dilated cardiomyopathy, 560-561 
gastrointestinal adverse reactions to, 1063 
for low output failure, 485-486 

neurotoxicity of, 1065 
quimdine interaction with, 1097 
in sinus bradycardia, 498 
for supraventricular tachycardia, 514 

Dihydrotachysterol, 8681 


1,25-Dihydroxyvitamin Bv Ml 

Dilated cardiomyopathy. Sec Cardiomyopa 

thy, dilated 

Diltiazem (Dilacor XR) 

for atrial (ibnllation/atnal tachycardia, 


486, 516 


for hypertrophic cardiomyopathy, 567 
for restrictive cardiomyopathy, 572 

for supraventricular tachycardia, 514 

for thyroid storm, 857 
for traumatic myocarditis, 668 
Dimercaprol, 1053c 
Dimerization, 52 

Dimethylsulfoxide 

for brain trauma, 917 
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for near drowning victim, 5SO 

for snakebites 

Diphacinone, 1106 

Diphenhydramine (Benadryl) 

for adverse drug reactions, I052t, 1054* 

for anaphylactoid reaction, 1144 

for chemotherapy ^induced hypersensitivity 

reaction, 1 144 
- m interactions of, 1090f 

for shock, 466 

1 )iphenylhydantoin, 1053t 

Dipyrone, 1134 

Direct anti globulin test, 711-71 1 
Dnofilana nmmtn. 787 

Disaster hotline database, 1236-1237 

items for, 1236t 

Disaster Medical Assistance Teams 

(DMATk 1238 


Diuresis 

with cold exposure, 1118 

for hyperparathyroidism, 868 

in renal failure, 3Q9 
Diuretics 

for acute renal failure 

in digoxin toxicity, 1073 

for dilated cardiomyo^thy, 559-560. 561 

for hypertrophic cardiomyopathy, 

for hypoxic pulmonary hypertension, 115 

for pulmonary edema, 6 1 9 

for restrictive CM liomyopathy, 572 
target of, 48c 
Dive reflex, 57S 

DNR. See Do-nor'resuscitate orders 
Do-not-resuscitate orders, 1217 
for can iopulmonai y arrest, 446 
definition of, 
hospital policy on, 1222 

policy guidelines for, 1223- 1224c 

sample of, 1222c 

Dobutamine 


Disaster relief, 1237 
Disaster response 

elements of, 1227 

model for, 1238-1241 

Disaster*veterinary medical aid centers, 

1239-1241 


discoloration of, 1094 
drug interactions of, 1090c 

receptors mediating, i5t 
for scorpion stings, 

for sepsis support, 705 r 

for shock, 469 

Docosahexaenoic acid (DHA), 224-225 

Dog Erythrocyte Antigen (DEA), 19Q 


Disasters 

abandoned pets during, 1235-1236 

animal'related issues in, 1726 
casualty triage and management in, 

1235-1238 

community vulnerability studies in, 


122 


Dogs 


emergency phase of, 1237 

triage during, 1242 -1243 

key issue in victim management during, 

1245c 


acute pancreatitis in, 771 -782 

blood collection in, 191-194 

blood types in, 189-190 

typing cards for, Lfil 

daily water requirements for, 1 76 - 1 77 

diabetic, 845 

dilated cardiomyopathy in, 

ECG of atrial pressure, 269 

ECG of pacing spikes in, 2 M [ 

hemorrhagic gastroenteritis syndrome of, 


hi 




nature of, 

pets lost during, 1236-1237 

preparedness for, 

reicjnstn k tu >n phi i ■ of, 1237 
resource inventory in, 1227 

solo treatment areas in, 1238-1239 
Discospondylitis, I40f. 406 

Disk herniation 

MRI for, 408* 409 f 

MRI myelogram of, 407 f 
Disseminated intravascular coagulation 

(DIC) 

after bite wounds, 9IS 

fresh frozen plasma 6*, IDS 

in heatstroke, 1132 

with immune'mediated hemolytic anemia 


normal hemodynamic variables in, 268t 
susceptible to myasthenia gravis, 891 

teeth of, 959 

Dolasetron (Amemet), 1119 

Dolasetron mesylate, 780 
Dopamine (lntropin) 

for acute renal failure, 318 -319 
discoloration of, 1094 

for second'degree AV block, 507 

for sepsis support. 7051 
for shoe!. 469 


716 


liver disease and, ■9<2 

management of in hemostatic disorders 


Dopexamine, 469 


746 


Doppler beam, 343 

Doppler echocardiography 

for pulmonary hypertension 

eJ wave, 566 

for restrictive cardiomyopathy 
spectral 

Doppler flow velocities, lid 


in pancreatitis, !?_> 

red blood cell fragments with, 741 

screening for in multiorgan failure, 691 

treatment of, 746 

Disseminated intravascular coagulopathy, 

drug* induced, 1071-1072 


l i 
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Doppler instrumentation, 271-272 

Doppler ultrasonography, 343. See also Color 

flow Doppler ultrasonography 
oh abdominal bloc I vessels, l 69 

continuous wave, Ml 

ft )t d i lated can Ik >myof m t h y, 

for endocarditis, 

foe pulmoni v hypertension 

pulsed-wave* ■ ■* ■ 
for renal disease, 376^322/ 
for restrictive cardiomyopathy, 
spectral, ■ -♦ ^ 

D» >rsoventral abdominal radiography, 336 


cross-referenced log for, 1153 

diagnosing toxicity of, 240t 

dispensing of, 1153-1154 

disposition of 
changes in, 
changing in critical care patient, 1084 

1088 

dosing regimen and, 1082-1084 
drug movement and, 
distribution of 

in critical care patients, 1086-1087 

drug interactions affecting, 1097 

dosage of by intratracheal versus intrave 

not is route, til 
elimination of, 1082 

half-life, 1083. 1084 

excretion of, 1088 

drug interactions affecting, 
fell response to, 1 OS \ 10S4 
highly protein-bound, I0%r 
mediated by receptors, 551 

metabolism < f 
phases of, 1082 

site of, 1087 

movement of in critical care patient 


332 


Dosing interval, 1084 

pro l< >ngaf ion of, 1 08 7 

Dosing regimen, 1082-1084 

Doxapram, 10 5 1 1 
Doxorubicin, 1090t 

cardiotoxicity of, 107 2t, 1142-3143 

for chemotherapy-induced G1 toxicity 

1139 




hypersensitivity reaction to, 1143-1144 

Doxycycline (Vibramyc irO 

doses of for respiratory diseases, 612r 
rug interactions »>(. 1090t 

for immune-mediated hemolytic anemia 


overdose of, ocular manifestations of, 889 

precipitation of, 1093 

sensitivity to, 54 

storage of, 1154 

that don’t act through receptors, 481 

Dual-echo spin-echo telicnique, 401-402 
Ouodenocolic ligament rupture, 829 
Duodenum 

foreign body removal from, 129 130 
mucous epithelial layer of, 42 

permeability of, 41 

ulceration of, 133t 

Durable power of attorney, -18—1220 
sample of, 12211 
Duragesic, 1 H 

Durotomy, 918 

D5W, 180-1 SI 


7i6t, m 


Drowning, 522 

near, 577 

clinical presentation of, 578-579 
diagnostic evalution of, 579 

par 1 - - ■! nysiology of, 

prognosis of, 580 -561 

treatment of, 

sect tdary, 577 

I Vtig addiction, 25 

Drug agon ism, 42 

Drug-drug interac t ions, 1095-1096 
Drug effects, idiosyncratic, 53 

Drug-food interactions, 10951 
Drug interactions, 1088 

pharmaceutical, 1088-1096 

phi rmae odynam ic 
pharmacokinetic. 

Drug metabolizing enzymes, inducers and in 

hibitors of, I098t 

Drug reactions, febrile, 675 
Drug-receptor concept, 47-4 S 

Chug tolerance, 54 

Drugs 

absorption of, changing, 1085-1086 

accumulation of, IPS 5 

administration route of 
emergency intrarectal, 63 

intratracheal, M 

via intraosseous catheter, 62c 
binding of 

to other drugs, i 094 

to receptacles, 1094 

in crash cart, 1149 


Dyshemoglobinemia, SS 
Dysphoria, opioid - induced, 23 


Dyspnea, 635-656 


. ; hythmia 

in cardiopulmonary arrest, 42 1 

with diaphragmatic hernia, 660 

spontaneous resolution of, 668 

in traumatic myocarditis, < 
treatment of, 668 


66 ? 


11111 


E point-to-septal separation (EPSS) 

creased, 350 

E-tube. See Esophagostomy tube 


tn 


Ear 


blast overpressure injuries to, 1235 
tympanic temperature measurement of, 


Early afterdepolarizarion (EAD), 490 
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analyzing, 250-256 


Easter lily toxicity, lift 

Eccentric cardiac hypertrophy, canine, 553 


in atrial fibrillation, 515 

tn atrial standstill, 502 
in bundle branch block, 
in cardiac pacing, 230 

clinical indications for, 239-240 

common artifacts in 


554 


Echinocytes, type 111, 1039 

Echtnocytosts 

mechanism of in snakebite, 1033 
with rattlesnake envenomation, 1033/ 

Echocardiography. See also I Appier echocar 

diography 

of abdominal blood vessels, 389 
in acute heart failure, 482 

basic principles of, 
in cardiac disease in critically ill patients, 


continuous versus intermittent, 247-248 
diagnostic reading of, 
for dilated cardiomyopathy 
of : 'j with implanted 

for electrical injury, 911 

general ion of, 

for hypertrophic cardiomyopathy, 564 

for hypoparathyroidism, 867 
in hypothermia, 1123 
in isorhythmic atrioventricular dissocia 

tion, 517 

lead placement for, 

limitations of, 241 

for myocardial injury, 1006-1007 

for near drowning victims, 579 
P*QRS-T complex waveforms in, 250 

paper speed in, 251-252 
for pericardial effusion, 545 
for peritonitis, 728 
positioning and restraining for, 245 
recording in, 

for restrictive cardiomyopathy, 570. 571/ 

Acwtng failure to capture, .136 
tn sinus arrest and block, 500 

in sinus bradycardia 

in sinus tachycardia, 512 
in supraventricular tachycardia, 513 

in third 

in traumatic myocarditis, 667 

in ventricular fibrillation, . 520/, 521 

in ventricular tachycardia, 518-519 

Electrode patches, 246 

Elec nodes 
bipolar, 229 

epicardial screw in, 235/ 

placement of, 230* 
transvenous with inflated balloon tip, 2 32 

unipolar, 229 

Electrolyte I <lance 

in acute renal failure, 691 
in hyp hermia, 1119 
for multiorgan failure, 692 
regulation of, 166169 

Electrolyte equipment, 1156 
Electrolyte imbalance 

in a 2 otemic acute renal failure, 3 ] 3 317 

correcting in acute renal failure, 312 
ECG in diagnosing, 240t 
fluid replacement and, 513 
identifying EGG effects of, 

Electrolytes 

ahnotniat tries in 

in brain injury, 918 

in impulse formation disorders, 490 


er, 2 34 


3 


359 


in dilated cardiomyopathy, 

in hypertrophic cardiomyopathy, .566 

M mode 


1008 


in myocardial injury, 1007, 1008 
of pe ricardial effusion, 546 / 
in pulmonary edema, 63Z 

in pulmonary hypertension, 830-533 

in restrictive cardiomyopathy, 570-572 

tmnsesophageal, for endocarditis, 349 

Echogenic bile, 365 

Ectopic thyroid carcinoma, 548 
Ectopic ventricular beats, 253 
Edrophonium 

for adverse dug reactions, 10521 

target of, 4 !t 

Ehrlichia morndae, 741 - 743 

Ehrlichiosis, 7 3 5 
Einthoven, Willem, 

Eisenmenger svidrome, 

Elapida. 1025, 1029 

Elastic recoil force, 106 
Electrical countershock, 446 

Electrical current, flow of, 242 

Electrical injury 

causes of, 973 

dial'noetic evaluation of, 
pathophysiology <4, 975 
prognosis for, 980-981 
treatment for, 98 0 

Electrocardiographic (ECG) abnormalities 
with acute tumor lysis syndrome, 721-722 

in dilated cardiomyopathy, 557. 558/ 
in first-degree AV block, 505 

in second-degree AV block, 506/, 507 

in sick sinus syndrome, 503 


A V block, 23 li 


n third-degree AV block, 508 - 509 


Electrocardiographic (ECG) equipment, 

1165 


Electrocardiogn »phie (EOG) monitoring 
for gastric dilatation-volvulus, 758 

for poisonous lizard bite, 1020 

training for, 1165 

Electrocardiography (1 *( i), 2 3 9 

in accelerated idioventricular rhythm, 494 
in acute heart failure, 482 

for acute tumor lysis syndrome, 722 

for adrenal dysfunction, 839 
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Electrolytes (continued) 

in intestinal obstruction, 829 

in cystalloid solutions, 459t 
for diabetic ketoacidosis, 847 

monitoring of 

in acute tumor lysis syndrome, 722-723 

in near drowning victim, 579 

for pancreatitis, 7 
during re wanning, 1120 
for severe liver disease, 799 

Electromecllantcal dissociation. See Pulseless 


End-tidal carbon dioxide monitoring, 423 

during anesthesia, l 60 

End-tidal gas, 90-91 

Endocardial electrode, bipolar, 229f 
Endocardiosis 

m acute heart failure, 480 

in left heart failure, 331, 332/ 

in right heart failure. 353 
Endocarditis 

compensatory dilation or hypertrophy in 


15Q 


electrical activity 
Electromyography, 610-611 
single-fiber, 896-897 

Electronic cell counter, 1156 
Electrosurgical unit, 1163 

Elemental diet 

enteral, 209 

for peritonitis, 729 
Elizabethan collar, 

Embolec tomy, 536 

Emergency d fibrillation, 435 


echocardiography of, 349-350 

iniective lesions of, 350 
pericardial effusion and, 541 
Endocardium, inegular surfaces of, 356/ 

Endocrine disorders, 240? 

Endocrinopathy 

in fever, 673, 674 

with megaesophagus* 815 
En< e nocss lij: • r i.'! • 

binding of, 49 

chemical analogs of, 47 

in intercellular communication, 42 

Endometritis, 392-393 
Endomyocardial biopsy, 559 

Endomyocarditis, feline, 635 

Endoscope 

flexible, 114 , 120 

rigid, Hi U5/, 120-121 

in hair ball removal, 124/ 
selection of, 114-115 

sizes of, l (5 

torquing of, LIE 
video, 114 

Endoscopic equipment, 114-116 

Endoscopic instrumentation, 138, I39t 
Enclose opy 

in esophageal disorders, 818 

gastrointestinal, 114 -l 35 
for intestinal obstruction, 6 31 

in removal of pyloric fi >retgn 
for respiratory tract evaluation, 610 
for tracheal foreign body, 608 

Endbthelin, 554 

’ ndorhetium 


Emergency drug card, 421-422 


Emergency equipment, 1147-1166 

Emergency imaging 

magnetic resonance imaging in, 399 


412 


methods of, WQ 

Emergency intranasal diazepam, 64 
Emergency intrarectal administration, £d 

Emergency personnel, 1148-1149 

Emergence room care 

Emergency thoracotomy, 141 

Emergency vascular access 


intraosseous venous 

intratracheal venous, 61 


lH!ripher<d intravenous catheterization 


i 61 


sites for, 76 

venous sites for, 58 
Emergency ventilation, 477 
Emetic agents, 598 

Emphysema, subcutaneous, 60 7 
Ena la pn I 

for congestive heart failure, 485 

for dilated cardiomyopathy, 760 

in enzyme inhibition. 1098 
for hypoxic pulmonary hypertension, 535 
target of, 48 t 
Encephalopathy 
hepa ” 

ligation in, SI I 

End-thm olic pressure 
stroke volume .m l, 3j_ 

ventricular, 3-4 

End-diastolic volume (EDV), 2 

End-inspiratory plateau pressure (EIP), 108 
End-inspiratory pressure, 100' 

End-stage liver disease, 186? 

End-systolic volume (ESV), 2 

contractility and, 6-7 


tes, 826 




damage of in parenteral nutrition, 65 
failure of in systemic inflammatory re 

sponse sy i ome, 701 


indotoxemia 

in sepsis, 697 

treatment of in liver disease, 800-801 
Endotoxins 

gram-negative, 686 

in peritonitis, ’ 25 

in sepsis, 697 

in shock of gastric di la tat ion-volvulus, 757 
Endotracheal intubation 
airway dehydration with, ihl 

for aspiration pneumonitis, 596 

tor bite wounds of neck and thorax, 9*8 

Endotracheal tubes, 15C-151 
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leak in, 93, 94/ 


for drug-induced dermatologic hypersensi 

t ivirv reactions, 1068 

drug interactions of, I 

in GFCR activation, 4H 

for insect stings. 1019 
production of, 835 

for pulseless electrical activity, 510 
versus pure a-agonists, 

racemic, 164t 

for sepsis support, 7051 

for severe G1 bleeding, 134 

Epirubicin, 1142-1143 

Epithelial erosion, 765 

Equine antivenins, 1036 

Equipment 

f* n anesthesia, 1160 

in crash cart, 1149 
diagnostic imaging, 

for emergency/critica! care veterinary hot* 

pi tal, 1147-1166 

in examination facilities, 1149-1150 

laboratory, 1156 

for medical records, 1151 

for nursing care, 1165 

for pharmacy, 1154 
surgical, 1162-1163 

Ergocilciferol preparations, 8681 

Erytliroc tcs. See Red bloo-l celb 

Erythromycin (Ervthro-100 ) 

cardiotoxicity of, 1072 1 
CN5 toxicity of, 10671 

dr u interactions of, 10 Ot 
for gastric motility disorders, 827 
Erythropoietin 

adverse dermatologic reactions of, 1069c 
hematologic disturbances with, 1070c, 

1071 

human recombinant, 1071 

Escherichia edi 

in osmotic diarrhea, 764 

in pneumonia, 64 1 

Esmolol 

for myi a dial injury, 1009 

for PVCs, 493 

for supraventricular tachycardia, 5]_4 
for traumatic myocarditis, 66* 

1 M^phag -al disorders, 813 

clinical presentation of, 815-816 

diagnostic evaluation *4, *.16-H18 

epidemiology of, 815 
functional obstruction in, 814-M5 
mec hanical, 811-814 
pathogenesis of, 813-815 
prognosis for, 820 
treatment of, 816-820 

Esophageal scintigraphy, 895 

Esophagitis, IK) 
lx >phag( igraphy 
contrast, 328 

in esophageal disorders, 816-818 
Eaophagoscopy, 1 16-117 


overinflation of, 60 7 . 941 

Energy 

expenditure of in cancer, 219 

metabolism of in cancer cathexia, 219 






■> ? 0 


requirements for, 206- 207 

in cancer cathexia, - 24 

Enroftoxac in 

for abdominal trauma, 908 
for aspiration pneumonitis, 600 

CNS toxicity of, 1066, 1067t 

doses of for respiratory diseases, 612t 
drug interactions of, 1096 

in enzyme inhibition, 1098 

for hemorrhagic diarrhea, 7681 

for pancreatitis, 781 
for peritonitis, ill 

Enteral formulations, 208-209 
carbohydrates in, 210 
delivery of, 211 
fiber in, 210-211 

lipids in, 210 
osmolarity of, 2Q9 210 

protein in, Zl-j 

Enteral nutrition, 207 

complications of, 211 -212 

delivery of, 111 

diets in, 208-211 

for gastrointestinal dysfunction, 692 
goal and benefits of, 204-205 
for hemorrhagic diarrhea, 767 

indications for, 206 ( 

for pancreatitis, 780 

tube placement problems in, 212 

Enteral tube, 207-208 

$i 2 C and location of, 211 
Enterics, 69 7 1 

Enteropexy, 833 
Enzyme antioxidants, 30-31 

Enzyme linked immunosorbent assays 

(ELISA), 766 

Enzyme -1 in k ed receptors, 51-51 

Enzymes 

drug'induced inhibition of, 1098-1099 
inducers and inhibitors of, 1098r 

induction of, 1097-1098 

Epicardial electrode, unipolar, 229f 
Epidermal grou th factor (EGF) 

in mucosal barrier function, 42 4 1 
receptors for, 52 

Epidermoid carcinoma, laryngeal, 625 

Epidural ahsctr.v>, 406/ 

Epidural anesthesia, 80-81 
Epilepsy 

Ion channel receptors in, 56 
seizures in, 873 
Epinephrine 

artificial ventilation with, 436/ 

for chemotherapy'induced hypersensitivity 

reaction, 1144 
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Esophagi»t l >mv, &19 

Esophagostomy tubes 

in enteral nutrition, 207-2CS 

for peritonitis, 729 

placement problems with, 212 

risks associated with, 208 
for severe liver disease, 798t 
Esophagus 

abnormal motility of, 754—755 
bones lodged in, 120-121, 122 / 
caudal mas® in, 81.8/ 

caustic injury of, 130-132 
diverticula of, 814, 820 

surgical excision of, *19 
foreign body in 

radiograph of, 328/ 

removal of, 120 -12 S 


decision-making in, 1197-1198 
voluntary, 1212-1213 

Euthyroid sick syndrome, 218 

Evans syndrome, 716-717 
Evenoma lions 

fthfop J, 1013-1017 

insect, 1017-1019 

poisonous lizard and toad, 1019-1021 

reptile, 1023-1039 

Evoked potentials, 581 

Examination facilities 1149 

equipment in, 1149-1150 

Examination table, 1149 

Excitement, opioid-induced, 72-73 

Excretory urography 

with phredomv, 174 

with retroperitoneal effusion, 378 
Exercise 

intolerance of in pulmonary edema, 656 

for pneumonia, 651 

Exercise runs, 1165-1166 
Expectorants, 163-165 

Expiration, 16 

in mechanical ventilation, 92 

Expiratory volume, 108 
Expired gasi flow, 106 

Extracellular fluid 
circulating volume of, 167 

as percentage of total body water, LZi 

Extracellular fluid compartment, rapid expan 

sion of, 181 

Extracellular signaling molecules, 47 
Extra vascular hemolysis, 189 

Extra vascular lung water measurement, 698 


masses of, 820 


neoplasia of, SI 1. SI 5 
strictures of, 813, 815 

diagnosis of, 816 

treatment of, 819 

Essential fatty acids (EFA), 224-225 

Estrogen 

derivatives of in bone marrow suppression, 

1070 

hematologic disturbances with, lOTOt 
in pancreatitis, 77 5 

ETCOj 

additional information from, St 

decreased, 91 

exxxiential fall in, 92 * 

gradual rise in, 91 
versus PaCOj values, 94 

sudden fall in, 91/ 

sustained all in, 93* ^4/ 

trends in, 94 

Ethanol, 1047 

Ethics, 1205-1206 
of advanced directives, 1222-1225 

personal, 1207 

professional* 1207-1215 

social consensus, 1206-1207 

Ethylene glycol 

metabolism of, 1044 

retinal detachment and blindness with, 889 

toxicity of, 1 \. 

clinical presentation of, 1043-1044 
diagnostic evaluation of, 1044-1046 

metabolic pathway of, 1043/ 

pa^togti .-is of, 1042 

I log osis for, 1048 
in renal failure, 5 58 

treatment of, 1017 


F.ib antivenoms, 1038 

Factor 11, 211 

Factor IX, 212 

deficiency of, 719 

Factor V, 733 

Factor VII, m 

Factor VIII, 733 

deficiency • f, 759 

Factor X, 1A1 

Factor XII deficiency, 7 59 

Factor XUl, Z12 

Failure to wean syndrome, 111 

Family, presence of during resuscitation, 

1200-1201 

Family-friendly policies, 11 S7f 

Family-friendly work environments, 1186— 

1187 

Famotidine (Pepcid) 

for coagulopathy in liver disease, 800 

for gastric mucosal injury, 127 

for immune-mediated hemolytic anemia, 

?16t 

for pancreatitis, 780 

receptors mediating, 55£ 

for severe liver disease, 7 ■' ft 

for uremic gastrointestinal disorders, ill 


hnxIoLic 


strointestinal adverse reactions to, 106)4 
in heatstroke, 1134 
hepaton >x ic ity of, 1063 

: 1 \ 1144 

Hi. * ha i tast1196-1201 

client-present guidelines for, 1198-1199 
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at 


noninfectious, 673-674 


concurrent disease in, 6>U 

di. gn «ttc tests far, 680, 681 1 

fluid balance in, 683 

identifying underlying cause of, 680 

management concerns in, 682 1 

monitoring patient with, 680 
in neutropenia, 1141 

nosocomial di 


catabolism of, 202 

did a v, in cancer cathexia, 224 

restriction of in pancreatitis, 781 
Fat cells, 860 

I'at saturation techniques, 402 

Fat suppression, 402 
Fatty acids 

conversion to triglycerides, 7SS 

long-chain, 210 

metal lism of in cancer 

polyunsaturated. 2 9--- 30 
Fc receptor, 710-711 
Fecal culture, 766 

Fecal matter 

exarm nation of for feline all i _ic airway 

disease, 622 

monitoring of i n multiorgan failure, 691 


and, 675-678 

nutritional intake with, 682 
pathophysiology of, 612 

persistent, unexplatne , 675 

signs indicating, 621 
thermoregulation and, 

treatment of in -•< pski, 704f 

Fiber, enteral formulations, 210-211 

Fibrin clot, 711 

Fibrin degradation products (FDPs), 733-734 

in h static defects, V 19 
testing for, 693 

Fibrinogen, T l/ 

Fibrinolysis, 731, 713 

excessive, 733-734 

for pulmonary thromboembolism, 536 

last growth factor, 43 

Fibrocartilaginous embolus, 406, 409 

Fi brosarcoma 
esophageal, 613 
gastric, 823 

Fibre is pleuritis, 334 

Fick equation, 23 

Ftfcmncfes ferthi, 620t 

Filtration coefficient, 630 

Financial issues, 1195-1196 

Fine needle aspirate, 

Fire ants, 1017-1018 
Fire storms, casualty triage in, 1235-1237 
First aid, snakebite, 1033-1034, 1035c 

Fishhooks 

embedded in esophagus, 121-123 
removal of from esophagus, 619 

Fistu log rams, contrast, 958 
Flail chest 

clinical presentation of, 665 

diagnostic evaluation of, 665 

pa I.. •s'it.i‘$ is of, 664 

pathophysiology of, 952 

program tor, 666, 953 
with thoracic bite v-. i 1>, 960/ 

treatment of, 665-666, 953 

Flea collars, dermatologic reactions of, 1069/ 

Floods, disaster hotline for, 1236-1237 

Flow-by oxygen, 611 
Row-cycled ventilators, 97 

Floxetine (Prozac), target of, 48f 
Ruconazole, 652 

Huid additives, 185-187 

Ruid attenuation inversion recovery 

(FLAIR) sequence, 402 


691 


in nosocomial infection, 676 
Feeding tubes. See also Enteral tubes; Paren 

teral nutrition 


in enter.d nutrition, 207-208 

for liver disease, 801 
placement 

Feline asthma complex, 331 

Feline blood units, stored, L95 
Feline bronchopubilonary disease, 621 
clinical signs of, 622 


lems for, 212 




• *1 l 


Kbit. > 


diagnosis of, 622-624 


pathogenesis of, 621-622 


g mg no > is of, 62'7 

treatment of, ’>24-62 7 
Feline erythrocyte life span, 1911 

Feline leukemia infection, 71 K 
Feline typing cards, 

Femoral artery, 266 

{fenestrated ellipsoid biopsy forceps, 11 5 

Fentanyl citrate, 780-781 

Fentanyl (Dtna. *iic) 
for burn injury, 978t 

dose, route, and frequency of, 75r 

effective levels of, 76-77 
maintaining accurate records for, 74-75 

for perironirU, 727 
properties of, 16 

for respiratory tract disorders, 611 

for rib fractures. 952 


iransdennal administration of, 1086 

transdermal patches, 7 6-7 7 

for caustic esophageal injury, 132 

for pancreatitis, 781 
vomiting with, 7 3 74 
Fetal c mise, 390- 391 

Fetal distress, 393 / 

Fetal heart rate, slowed, 191 

Fever, 1130 

approach to OCU patient with, 678-6H3 

clinical significance of, 611 
c i >mmon causes of 

infectious, 675 


\ .)■ i balance 

abnormalities of in brain injury, 916 
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Fluid balance (continued) 
correct ion of, 740 
in febrile patients, 683 

history and physical examination for, 

169-171 

pulmonary, 610-633 
Fluid compartments, 173 
Fluid exchange, transvascular, 629-630 

Fluid-filled spaces, 342 
Fluid loss 

assessment of, 169-171 

insensible, in renal failure, 309-310 
physical examination for, 169 
Fluid monitors, 1165 

Fluid overload 

inii ivenous, oculu manifestations or. 888 
in left-sided heart failure, 634-635 
Fluid resuscitation 

fluid selection for, 458-468 

for shock or hypovolemia, 456-466 

Fluid therapy 

for abdominal trauma, 908 

for acute renal failure, 312-317 

for acute respiratory distress syndrome. 


for projectile thoracic injury, 940 
for pulmonary contusion, 
for pulmonary edema, 640 

quantity of, 313 
rate of, 313 

replacement phase of, 175-179 

for scorpion stings, 
selection guidelines for, 186c 

for sepsis, 703, 704c 

for severe liver disease, 799 
for snakebites, 1Q38 
for strychnine poisoning, 1114 
for thermal injury, 979 

for uremic gastrointestinal disorders, 321 


322 


Fluid volume 
body weight and, 171 

estimating for replacement therapy, 171 

loading of in CPR, 443 

maintenance of, 175-176 

replacement of, 175-179 

restoration of for heatstroke, 1135 
Flunixin meglumine 

drug interactions of, 1090c 
in heatstroke, 1134 
for peritonitis, 729 

Fluorescein dye, 881 

Fluorescein stain, 986 

Fluoroquinolones, 908 
FI uoroscopy 

in electrode placement, 230 

for pericardial effusion, 545 
in portosystemic shunt, 807 

in transvenous pacemaker implantation, 






for acute tumor lysis syndrome, 723 

administration of, 180 

iggTessive, adverse effects of, 634-635 

for aspiration pneumonitis, 599 

for black widow spider bite, 1014 
for brain trauma, 913-914 
for brown recluse spider bite, 1015 
for cardiovascular dystunction, 689 

for chemotherapy induced Gl toxicity, 

11 38 


233 


for cholccalcifcrol rodenticide poisoning, 


5'Fluouracil (5-FU) 

cardiotoxicity of, 1072 r 

neurotoxicity of, 1 144 
5'Flurocytosme, 1069c 

Fly bites, 1019 

Follow up, 1202-1204 


1112 


combination, 46 8 -469 

for diabetic ketoacidosis, 847 
for diaphragmatic hernia, 951 
for disseminated intravascular coagulation 




746 




decaying, 29-30 


emergency phase of, 171-175 

for GI disorders with radiation exposure, 

1234 

for heatstroke, 1134 
for hemorrhagic diarrhea, 
for hemostasis disorders, 741 
for hyperosmolar coma, 849 

for hypoadrenocorticism, 8411 

foe insect stings, 1019 

intraosseous, 62 

intravenous, 312 

maintenance phase of, I 79-187 
for multiorgan failure, 692 
of oliguric renal failure, 305 
for optimizing fluid volume and hi 

sure, 690c 

for pancreatitis, 779 
for pneumonia, 650 

for portosystemic shunt, 809 


drug interactions with, 1095c 

obscuring gastric foreign 
Forced expiratory volume at one second 


ies. 129 




(FEVl), 618 


Foreign bodies 

in bowel, 384-386 

endoscopic retrieval instruments for, 115 


L16 


in esophage il obstruction, M3 
in esophageal perforation, 816 

in esophagus, 120— 125, 328, 819 
manipulation of, 123 

gastric, 125-130. 327c, 384 

radiograph of, 119/ 
ingestion of, 118-119, 129 

intestinal 

contrast radiograph of, 832/ 
removal of, 833 


pres- 
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linear intestinal, 830 

intestinal plication with. 631/ 
lucent, 328 

positioning of against endoscope, 125 / 
pyloric, 822 

epidemic logy of, 825 

removal of, 826 

ue and radiolucent, LL9 


definition of, 196t 

for severe liver disease, 7971 

Fresh water aspiration, 577-578 
treatment of, 579 - 580 

Fresh water injury, 580 

Fresh whole blood, 740 

Friedlander wave, 1235 

Frontal sinuses, 15 
Frozen plasma (FzP) 

definition of, 196* 

indications for use of, 198 

Fructosamine, 846 

Fulminant inflammatory response, 697-698 

Functional residual capacity (FRC), 618 

Fundic examination, 881 

Fungal infections 

laryngeal, 605 

in pneumonia, 

Fungal pneumonia 

radiographic findings in, 648 1 
serologic testing for, 650 

Furosemide (Lasix) 

for acute renal failure, 317-318 
for acute respiratory distress syndrome 


mil 


no/1 


removal of 

from esophagus, MIS 

gastrointestinal, 118-130 

in stomach, 822 

toxic, 125 

tracheal, 60S 
Formulary, 1154 

Fractional inspired oxygen concentrarions 

(FrOj), 140 

Fractional shortening, 152 

Fractures 


with gunshot wound, 969 


pain with, 6S-69 


rib, 662-663, 951-952 

ventrodorsal thoracic radiograph of, 


664 / 


sternal, 662 61 

Franciella tularensis, 1232-1233 1 
Frangible projectiles, 957 
Frank, Otto, 3 

Frank'Star ling law, 12 

FRED, OS 


588 


for brain trauma, 916 
tor cerebral edema in hypothermia, 1127 
for cholecalciferol rode n tic id e poisoning, 

1111 

for congestive heart failure, 
for dilated cardiomyopathy, 56Q 
drug interactions of, 1090t 

for hypoxic pulmonary hypertension, 535 
in pancreatitis, 773 

for pericardial effusion, 

tor pulmonary edema, 639 
for second-degree AV block, 507 

for severe liver disease, 797* 

target of, 48* 
for toad poisoning, 1021 

Fusion beats, 494 


f ree radical reactions, 27* 28 

lipid peroxidation in, 29-3 0 

nitric oxide transformation in, ID 
radical and nonradical, 28-29 
radical and radical, 10 
Free radical scavengers 

action of, 12/ 

for cerebral resuscitation after cardiopulmo¬ 
nary arrest, 445c 
for near drowning victim, 580 
Free radicals, 26 
in F r iin trauma, 411 


Fe(ID and, 15 


G protein-coupled receptor kinase 
C i-prote in-c<>uplcd recepton, 

me :Mnums of regulation of, 


nitric oxide as, 51 

oxygen-derived, in mucosal barrier disrup¬ 
tion, 44 


in pathogenesis, 55-56 


symbol of, 26 

Freezing, prolonging drug shelf life, 1088 


Gadolinium contrast imaging, 

Gag reflex, impaired. 

Gall gastric foreign body, 327/ 

Gallbladder 

distended, 365 - 366 

rupture of, 366 ( 367 f 
sagittal sonogram of, 366 f 
sonographic evaluation of, 364-366 

Gallbladder wall necrosis, 366 
Gallstones, 365 

Gamimune, 716* 

Gamma-amtnobutyric acid (GABA) 

antagonist of, 1054* 
as enceplialopathic toxin, 789 


1094 


Fresh-ti csen plasma (F:. ), 181 

for acute respiratory distress syndrome 


588 


for anticoagulant roJentictdc toxicity, 


definition of, 196r 

for fluid resuscitation, 457 

for hemostasis disorders, 740 

for immune-mediated hemolytic anemia 

?16i 

indications for use of, 198 

Fresh plasma transfusion 


receptor for, 50-51 


Copyrighted material 




Index 


Gamma'Klutamyltran5tcrci.se (GGT), 79 2 


Gastric outflow obstruction, 822 

clinical presentation of, 825 
diagnostic evaluation of, 825-826 

epidemiology of, 825 
pathogenesis of 

functional, 823-824 

mechanical, 822-823 

metabolic alkalosis in, 824-825 

prognosis for, 827 

treatment of, 826-827 

Gastric overdistention 

avoidance of, 118 

with gastroduodenoscopy, 117 

Gastric paresis, 825 
Gastric perforation, 125 

Gastric torsion. See Gastric dilata turn-vol 

vulus 

Gastric ulceration 

with aspirin therapy, 134/ 

causes of, 133f 

from delayed gastric emptying, 824 
with gastric adenocarcinoma, 135/ 
gastrointestinal bleeding with, 132— 


793 


Gamma rays, 1234 

Garage Mechanic Model, 1205, 1208 
Gas embolism, 110 

Gas exchange 

assessment of, 289-291 

impaired, 287-289 

monitoring in ventilator patient, 106 
strategies to improve, 

Gastk acid release blockers, 729 
Gastric adenocarcinoma, 135/ 

Gastric aspiration, 591-594 
Gastric contents, pH of, 598 

Gastric decontamination, 798c 

Gastric dilatation. See Gastric dtlatation-vol 

vulus 




Gastric dilatation-volvulus, 753 

clinical presentation of, 757-758 
diagnostic evaluation of, 758-759 

mechanism of, 155 

pathogenesis of 

anatomic changes in, 
gastric dilatation mechanism in, 755 


03 


physiologic responses in, 756-757 


Gastric wall 

needle impaled into, 126/ 
neoplasia of, 384 

Gastrin, excess, 765 

Gastrin-secreting (G) cells, 40 

Gastrinoma, 133 
Gastritis, inflammatory, 824 
Gastrocentesis, 760 
G ast rod uodenosc opy 

for gastric outflow obstruction, 826 

technique of, 117-118 
Gastroenteritis 

in acute renal failure, 320-321 
hemorrhagic, 765-766 

Gastroesophageal junction obstruction, 


risk factors in 


personality an 1 temperament traits in dogs 

at risk for, 754 

postoperative management of, 760 
prognosis of, 760-761 

treatment of, 759-760 
Gastric dilation, acute, 757-758 
Gastnc distention, chronic, 822-823 

Gastric emptying 

drugs affecting, 1097 

functional disorders of, 823-824 

promotion of, 598 

Gastric epithelium, mucous layer of, 42 

Gastric foreign 

linear, 128-129 

radiograph of, 119/, 327/ 

sonography of, 384 
surgical removal of, 128 

Gastric glands, 40 
Gastric herniation, 662 

Gastric irrigation, 1126 
Gastric lavage 

for gastric dilatation-volvulus, 760 

for strychnine poisoning, 1114 

for tricyclic antidepressant toxicity, 1066 

1067 

Gastric malignancies, 823 
Gastric motility 

disorders of, 822 

epidemiology of, 825 
treatment of, 827 

trichobezoars in. 825 
drugs affecting, 1096-1097 

Gastnc muo>sal injury. 

Gastric necrosis, 261 

Gastric neoplasia, 823 


ics, 125-1 IQ 




813 


Gastroesophageal reflux 

as contraindication to gastrostomy tube, 


208 


in esophageal disorders, 815, 818-819 

esophageal stricture in, 813 
Gastroesophageal sphincter 

esophagoscopic visualization of, LLZ 
foreign body removal through, 126 

Gastrography, contrast, 329 
Gastrointestinal endoscopy, 134 

in acute GI hemorrhage evaluation, 132 


in caustic esophageal injury evaluation, 

130-132 

equipment for, 114-116 

in removal of foreign 

upper 

anesthesia in, 116 

endoscopic technique in, 136-118 

Gastrointestinal gas, 89 

Gastrointestinal perfusion pressure, HI 


res, 1 18-13C 
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Gastrointestinal tract 


; 11-i 1 _j*'ji 7‘ ,f ' 

Gila monster (Helodcrma suspeetwm), 1019 


adverse drug events in, 1063-1065 

bleed ng of, 716-717 

chemotherapy-induced toxicity of, 1137 


1020 


antivenin tor, 1(137 

incidence of bites by, 1029 

Glascow Coma Scale 

in near drowning victims, 579, 580 
for small animals, 418 41° 

Glaucoma 

with hypcrti nslo », 687 

with hyperviscosity syndrome, 887 

with lymphoma, 

Gliomas, 404 

Globe, prolapse ], 884 f 

Globular filtration rate, 298 

Globulins 

affecting drug distribution, 1097 

in plasma, 184 

in severe liver disease, 793 
Glomerular filtration, 1062 
Glomerular filtration rate 

in acute renal failure, 691 

furosemide and, 31§ 
persistent reduction in, 300 
Glucagon 

in 1 ipw 1 * activation, 202 
serum levels of in cancer, 220-221 
Glucocorticoid receptors, 56 

GI ucocort tcoids 

adverse dermatologic reactions of, 1069( 
antiepileptic effect of, 1065 
in appetite, 815 
for brain trauma, 916 -917 

CNS toxicity of, 1067c 

for drug-induced dermatologic hypersensi 

tivity reactions, 1068 

for fever reduction, 681-682 

lor hy| oadrenocortidim, 840 

for insulinoma, 851-852 
in 1’ solutions, 1094 

for pain in shock, 470 

for peritonitis, 729 

for postadrenalectomy complications. 


1139 


drug absorption in, 

drug-drug interactions in, 1095-1096 

dysfunction of 

in acute hemorrhagic diarrhea, 763 

treatment of, 691 -692 

epithelium of 


cell dynamics of, 40-41 




permeability of, 41 

function of with mechanical ventilation 


111 


in heatstroke, 1131 
hemorrhage of 

endoscopic evaluation of, 132-134 

with mechanical ventilation, 99 

mucosa of, 40 

barrier function of, 
epithelial cell dynamics of, 40-41 

normal, 40-41 

; rarability of, 41 
mucosal barrier disruption of, 
nosocomial infections of, 677-678 

obstruction at. 330 

ulceration *4 
causes of, 133f 

Hr histamine receptors in, 56 
receptor dysfunerton in, 551 
ultrasonography of 
upper, radiography of, 529 
uremic disorders of. 

Gastroparests 

in gastric outflow obstruction, 

stomach decompression in, 207 
treatment of, 827 

Gastrostomy tube feeding, 8971. 900 

Gastrostomy tube G-tube) 

in enteral nutrition, 208 

for gastrointestinal dysfunction. 692 
for peritonitis, 729 

placement of in nutritional support, 2i25 

Gender 

conflict and 

stereotypical behaviors of, 

(3ene transcription 

alterations in, 54 

regulation of, 

(3entamicin (t laramycin) 

for bum injury, 977 

doses of for respiratory diseases, 612t 
drug interactions of, 1090t 

for hemorrhagic diarrhea, 768 
ticarcillin binding, 1094 
for tracheal inflammation, 

Gentle confrontation, 1194-1195 
Oentomicin, 1059 

Giant breed dogs, gastric dilatation-volvulus 

in, 253 


in protein catabolism, 202 

for sepsis, 705f 

serum levels of in cancer, 220-22 1 

for severe liver disease, 7981 

G1 ur ocort icosteroids 

for immune-mediated hemolytic anemia 


715 


refrac tory anemia wi th f i 1 > 
Glncocounterregulatory hormones (GCRH) 

in cancer cathexia, 219 

serum levels of, 220-221 

Gluconeogenesis, 788 

Glucose 

in cm 

for hyperkelamie, 315 

metabolism of in cancer, 221 -222 

in severe liver di 


793-79^ 
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ilucosc-fatty acid cycle, 220 .1 
Glucose tolerance test, intravenous, 222 

Glutamate, blocking of, TL 
Glutamate receptors, 50 

antagonists of for brain trauma, 917 

Glutamine 

for hemorrhagic diarrhea, 767 

in immune enhancing diet, 205 

Glutathione, 33 

actions of, lit 
Glutathione peroxidase, 32 

cofactor for, 32/ 

Glycerol guaiacolate, 1114 

Glycine-cysteine-glutamine tripeptide, 11 

Glycoaldehyde, 1042 
Glycogen, depleted, 288 

Glycolic acid accumulation, 1042 
GlycopytTolate 

in adrenalectomy. 841 

for bradycardia, 21 
drug interactions of, 1090t 

for pulmonary pharmacotherapy, 164t 

for second-degree AV block, 502 

for sinus bradycardia, 499 
Goblet cells, 41 

Gold-containing drugs, 1069c 

Golden 24-Hours, 1237 

GPCR. See G-protein-coupled receptors 

Gram staining, 649 

Granulocyte colony-stimulating factor 

for chemotherapy-induced ncutTopenia, 

1141-1142 

in multiorgan failure, 687 
recombinant human, 1 142 

Granuloma, 337 

Granulomatous meningoencephalitis, 878 

Granulopoietin, 1071 

Graves* disease, 856 

Grief 

dealing with clients experiencing, 1192- 

1193 

manifestations of, 1192 c 
Gnseofulvin 

adverse dermatologic reactions of, 1069r 

CNS toxicity of, 1067c 

hematologic disturbances with, 1070c 

Growth factors, 42 

Guanine nucleotide-binding proteins, 48-50 
Guanosine triphosphate (GTP), 49 
Guanylyl cyclases (GCs), 51-52 

soluble, 53 

Gunshot wounds, 967-968 

abdominal sonography for, 389, 392/ 

management of, 969-970 

spinal, 924-925. 926/ 


for gastric outflow obstruction, 826 

for NSAID-induced G1 ulceration, 1064 
in pancreatitis, 773 

for uremic gastrointestinal disorders, 321 


322 


Hagan - Pou iselle equation, 456-457 

Hair ball foreign body, 124 f 
Half-strength saline, 181 

Halothane, 840-841 

Handwashing procedures, 1165 

Handwashing sink, 1150 
Harvey, William, L 

Hazardous medications, 1154 

XVbase balance, 260 
f i 1 1 \ buffer system, 259-26Q 
Head 

bite wounds to 


trauma to 

drug distribution and, 1087 

MRI for intracranial abnormalities asso¬ 
ciated with, 403 

pupillary abnormalities after, 882 
Healing, gastrointestinal mucosa, 45 
Health care, durable power of attorney for, 

1218-1220, 1221c 

Heart. See also under Cardiac 

base tumor of, 346 

conduction system of, 

echo-free space surrounding, 344- 345 

performance of, 2-7 

Heart block 


complete, 507- 508 

diagnostic evaluation of, 509 


ECG findings in, 508-509 


prognosis of, 509 
treatment of, 509 

third-degree, electrolyte imbalance in, 


251 


Heart chamber enlargement 

Heart failure 

acute 


clinical presentation of, 480-4 S2 

diagnostic evaluation of, 481-482 
epidemiology of, 480 

management of, 

pathogenesis of, 479-480 
prognosis of, 487 

treatment of, 482-487 

sinus tachycardia in, 511 

vascular abnormalities of liver with, 36S 

Heart rate, 1 


calculating, 251-252 


tncreaMng in cardiovascular dysfunction, 

688-689 


irregular, 251 

monitoring of, 266 

normal for dogs and cats, 2531 
Heart rhythm, 266 
Heartworm disease 


H 2 -blockers, 598 
Hr histamine receptors, 56 

Hr receptor antagonists 

tor caustic esophageal injury, 132 

(or gastric mucosal injury, 126-127 


in pulmonary hypertension, 333 
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factors in O^-carrying capacity of, IS - 19 
for immune-mcdiated hemolytic anemia. 


pulmonary vascular occlusion in, 528 
testing for in feline allergic airway disease, 

622-623 

Heat-dissipating system, 1131 

in hyperthermia, 1110 
Heat loss mechanisms, 1116-1117 

Heat 


715 


1 1 l: \ 11 reflection by, 86 
Oj carrying capacity and, 291 292 

O i interaction with, 16-18 
pulse oximetry of, 87-89 

stereochemical configuration of, 66-87 

substitutes of, 1000=1001 

Hemoglobin-based oxygen carriers (HBOC*) 


uction 


•Jli i 


mechanisms of, 1117 

processes in, 1130 

Heating pa J, 1125 

Heatstroke 

clinical presentation of, 1132=1133 

■. plications in, 1H4 
pa lophvsiolog of, 1131-1132 
prognosis for, 1115 

treatment of, 1133 -1135 

Heineke-Mikulicz pyloroplasty, 826 

Heinz body, 1070-1071 
Hebdtnm venom, 1019-1020 

Helping techniques, programs teaching, 1204 

Hemabdomen, 908 

He m ang i osarcoma 
of liver and heart, 

met as cases of, 314 

pericardial, 346, 347/ 

right atrial, 548 

splenic, 172-37 ; 

He mat ernes is, 132/ 

Hematocrit, 1 76 

H etna to legic dyscrasias, drug-induced, 1068 


465 


Hemoglobin glutamer, 1 108 

Hemoglobinemia, 200 

Hemoglobinuria, 2l2Q 

Hemogram, 3071 
Hemolysins, 1018 

Hemolytic anemia 
causes of, 712f 
c hem icals 11 i during, 712 r 

differential diagnosis of, 711 
Hemolytic reactions, 200 

immune-mediated delayed, 200-201 
nonimmune-mediated, 200 

Hemoperitoneum 
clinical presentation of, 907 
prognosis for. 909 

i [.■#»*. i>hilia, 739 

Hemorrhage, 453 

classification of based on blood loss, I74r 
clinical signs of, 

with concurrent coagulopathy, 197 

Jiagnostic evaluation <4. 456 

emergency KIRI for, 411 


1072 


Hematologic toxicity, chemotherapy 

induced, 1139-1142 


Hematology, 292 
\ lematoma 


fresh-frozen pima for, 1‘ 

with heparin, 1071-1072 

lung, 334 

monitoring of, 470-474 

pathogenesis of, 453-455 

prognosis of, 474 


m 


abdominal radiography of, 3 37 
bladder, 38 3/ 

organizing perisplenic, 371/ 

with splenic trauma, 370 
Hematopoietic stem cells, 1139 

Hematuria 

bladder blood clots in, 382 
following catheterization for urethral 

blockage, 380-381/ 

Heme protein, iron-containing, U 

Hemilaminectomy, 

bone plate stabilization after, 932/ 

Herniorrhaphy, 908 

Hemithorax, zones of, 1M 

Hemmorhagic shock, 458—460 

Hemoconcentration, 1131-1132 

(lemoc ytometer, 1156 
Hemodialysis, 1047 

Hemodilution, 1 

Hemodynamic variables, normal, 268 1 

Hemoglobin, 991 

buffering capacity of, 22 

in carbon dioxide transport, 22-23 

cardiac output and, 995-997 

co-oximetry measurement of, 89 

desaturated state of, 


response of body to, 174-175 


resuscitation controversies of, 474=476 
resuscitat ion-induced, 
resuscitation volumes in, 
sites of with hemostasis defects, 734 1 

therapy for, 456-468 

in thoracoscopic examination, 

treatment of in liver disease, 600 
Hemorrhagic colitis, chemotherapy-induced 

1139 


Hemorrhage gastroenteritis syndrome of 

dogs, 765 

He lOflha 'ic shock, 19 

Hemostasis 

disorders of 

clinical presentation of, 734-735 
diagnostic evaluation for, 73S-740 
physical examination for, 735 
signalment and history of, 735 

therapy for, 740-749 
normal. 731 -734 


HIB 


I 


Copyrighted material 













Index 




Hemostasis ( amtmued ) 

pathways of, 732 f 

reference laboratory evaluation of, 738 


Hepatocutaneous syndrome, 802 

Hepatocyte growth factor, 43 


blood products for, 197 

clinical presentation of, 806 

management of, 808-809 
portosystemic shunting in, 788 

treatment of, 799-800 

Hepatorenal syndrome, 791 

Hepatotoxic chugs, I061t, 1062-106 ^ 

Hepatotoxicity, 1098 
Hernia 

with abdominal trauma, 906t 
congenital, 540-541 

Herniation, intestinal, 829 

Hetacillin, 1069t 

He fast arch 

for acute respiratory distress syndrome. 


740 


secondary, 731-732 

severe GI bleeding, 134 
in thoracoscopic examination, 144 
Hemostatic defects 
pn mary 

management of, 741-74S 

screening for, 736 
secondary 

management of, 745-749 

screening for, 736 
Hemostatic system, 731 
components of, 741 

function of, 193 
Hemothorax, 949 
clinical presentation of, 658 
diagnostic evaluation of, 659 

with diaphragmatic hernia, 662 
emergency treatment of, 659 

epidemiology of, 658 
with Hail chest, 665 
in projectile thoracic injury, 939 
with thoracic trauma, 935 
Hemoximeter, 293 
Hemoximetry, 293 

Henderson-Hasselbalch equation, 259 

Heparin 

adverse reactions to, treatment of, 105 31 

of complications of immune-mediated he¬ 
molytic anemia, 717 

for disseminated intravascular coagulation, 


in 


588 


for brain trauma, 913 

for pulmonary contusion, 944-945 
for thermal injury, 979 

Heteromctric autoregulation, 

Hexachli 

HGE syndrome, 769 

High-density lipoproteins, 221 
High-frequency ventilation, 193 
High-pressure edema 

causes of in dogs and cats, 6341 

definition of, 629 


>hene, 10671 


• ; (Ijl 


pathophysiology of, 632-633 


High-volume rapid resuscitation, 457 

His, bundle of, 242 

His bundle branch block, 495 
His Purkinjie system, 488 

H istamine 

in asthma, 617 
in bee venom, 1018 

opioid'induced release of, 72* 14 
Histamine blockers, 818 
Histopathology 

in ethylene glycol toxicity, 1045 
laboratory services for, 

Hotter monitoring 

for dilated cardiomyopathy, 561 

for PVCs, 492 

Homeomerric autoregulation, 6 

Homeostasis, receptor function in, 47-48 

stent, 613-614 
Hookworm infection, 764 

Hormones 


7*2 


drug interactions of, 1090r 
hematologic disturbances with, 1070t, 

1071-1072 

hepatoxoctty of, 1063 

for immune-mediated hemolytic anenua, 

716c 

for inappropriate thrombosis or thrombo¬ 
embolism, 747 

inhibition aldosterone secretion, 1058 

in parenteral solution, 65 

for pulmonary thromboembolism, 536, 537 

Heparin cofactor 11, 733 

Hepatectomy, 908 

Hepatic arteries, 363-364 

Hepatic disease, diffuse, 368, 369/ 

Hepatic dysfunction, 111 

Hepatic encephalopathy, 693 

Hepatic lesions, focal, 367-168 

Hepatic scans 
parasagittal, 362 

sagittal, 362. 363/ 
transverse, 362, 364/, 365 / 

Hepatic veins, 363 

Hepatitis 

in acute liver disease, 785-787 

chronic, 802 


Hi 


ora 


in intCTcelluhif communication, 47 
in mucosal barrier 
Homer’s syndrome, 882 

Hornets, 1017 
Horseflies, 1019 
Hospital 

personnel of, 1148-1149 

policies of, 1222 

guidelines for, 1 223— 1224c 

Hospital mortality log, 1160 
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Hygroscopic filter, disposable, L62 

Hymenoptera, 1017-1019 

venom of, 1018 

Hyperacidity, 133 

Hyperad renocorti c ism, 835 
clinical presentation of, 837. 838t 

diagnostic evaluation of, 839 840 
epidemiology of, 836 
with megaesophagus, 815 

ocular manifestations of, 885-887 
pathogenesis of, 836 


Host defenses 

compromised, 692 

preventing aspiration pneumonitis, 5931 

Hot bath immersion, 1125 

Hot Shot, 1112 

Howell, William, 1 
Human-animal bond, 1191 

crisis chariot eristics in, 1192-1193 

in critical care environment, 1191-1192 
in euthanasia and death, 1196-1201 

financial issues in, 1195-1196 

in follow up, 1202-1204 

referrals in, 1201-1202 

responding to crisis, 1193-1195 

Human intravenous gamma globulin, 716r 

Humidification, 161-162 

Humidifiers 

complications with, 162 

types of, 161-162 

Hurricane Andrew, 1237-1238 

Hurricane Boyd, 1236 

Hyaline membrane disease. LLQ 
Hyaline membranes, 585 
Hyaluronidase, 1018 

Hydralazine 

for congestive heart failure, 484-485 
for dilated cardiomyopathy, 561 

for elevated left atrial pressure, 538 

for hypoxic pulmonary hypertension, 535 
Hydration 
for pneumonia, 650 

for pulmonary pharmacotherapy, 164f 

for smoke inhalation, 987 
Hydrochlorothiazide, 535 
Hydrocodone, 163 
Hydrocortisone, 10911 
Hydrocyanic acid, 1230e 
Hydrogen cyanide, 1230t 
Hydrogen ion 

from carbonic acid, 22 

release of, 23 

Hydrogen nuclei, manipulation of, 399 
Hydrogen peroxide, 22 
Hydrolysates, 210 




treatment of, 840, 842c 
Hyperbilirubinemia, 790 

Hypercalcemia 

causes of, 863t 

differential diagnosis in, 8661 

in pancreatitis, 776 
pathogenesis of, 862-863 
recurrence of, 869 
with rodenticide poisoning, 1111 

Hypercapnia, 286 

in myxedema coma, 854 
permissive, 105 
Hypercarbia, I9t 

Hypercoagulable states, 535 
Hypergastrinemia, 826 
Hyperglucagonemia, 776 

Hyperglycemia 

glucocorticoids in, 912 

in hypothermia, 1119 
in pancreatitis, 776 
in parenteral nutrition* 213-214 
preischemic, 441-442 
stress^induced, 846 
Hyper intense spinal cord, 407-408 
Hyperkalemia 

in acute renal failure, 314-315 

in acute tumor lysis syndrome, 721-722 

treatment of, 723 
in hypothermia, 1127 
Hyperlipidemia, 773 
Hypermetabolic state, 857 

Hypermetabolism, stress starvation-induced, 

201 

Hyperosmolality, 166 
Hyperosmolar agent, 1021 

Hyperosmolar coma, 849 

Hyperosmolar liquid diet, enteral, 209-210 

Hyperosmolar solutions, bacterial growth in, 


1112 


Hyd ometra, 392-393 


lydromoiphone, 26 

Hydromyelia, 407 
Hydronephrosis, 374 
Hydrophidae, 1025 

Hydrostatic pressure, 631 

gradient of, 630 

interstitial, m pulmonary fluid balance 


216 


Hyperoxygenation, 914-915 


Hyperparathyroidism 
clinical presentation of, 864 

diagnostic evaluation of, 865-867 

differential diagnosis of, 8661 

epidemiology of, 863-864 

pathogenesis of, 861-862 

prognosis for, 869 

treatment of, 867-868 


612 


Hydroxyethyl starch (Hetastarch, HES) 

464-465 

Hydroxyl ion, 22 

Hydroxyl radicals, 22, 28 

formation of, 28 

glutathione and, 33 
Hydroxyurea, 1145 
25-Hydroxyvitamin D, 861 


l lypersensitivity pneumonia, 645 
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Hyj - cnativity reactions 

chemotherapy^ induced, 1143-1144 
to equine antivenin preparations, 1036 

1068 


Hypocarbia 

in acute respiratory distress syndrome, 585 

P» value and, I2t 
Hyp - hlorire, 27-28 

Hypochlorous acid, 27-28 
Hypocholesterolemia, 789 

H* podcnnic needle, sizes of, 62 1 
Hypoglycemia 

in acute hepatic failure, 288 
clinical signs of, 649 


tv|>e L 


Hypersensitivity syndrome, drug-induced. 




Hypertension 

ocular manifestations of, 887 

portal, 790-791 . 61Q 


pulmonary, 333-334, 


See Palma 


nary hypertension 

echocardiography of, 
systemic, in left heart failure. 111 

: l vpcftl .(luiu 

definition of, 1110 

effects of, 671 

elimination cf, 676 
heatstroke in 


iatrogenic, 649-8SO 


in insulinoma, SSO 851 


with parenteral nutrition discontinuation 


214 


treatment of in sepsis, 704r 
Hypo intense spinal cord, 408 

Hypokalemia 

in acute renal failure, SI 5-31o 

in gastric dilatation-volvulus, 760 
in hypothermia, 1121 

metabolic alkalosis and, 624 
in parenteral nutrition, 2 14-216 
Hypomagnesemia, 418 

in cardiac arrhyi imias, 
in parenteral nutrition, 214-216 

parenteral solutions for, 16 7 
Hyponatremia 

in dilated cardiomyopathy, 559 
in myxedema coma, 814 

Hypo-osmolality, defense against, 166 
H ypoparath yroid ism 
clinical presentation of, 664-865 
diagnostic evaluation of, 867 

epidem i of, 864 

pathogenesis of, 661 

prognosis for, 669 
treatment of, 666—869 
Hypophosphatemia, 214 216 
Hypoplasia, tracheal, 609 HO 
H ypoprot C1 nemia, 467 
Hyposensitization, 626 
Hypotension 

in pulse oximetry, 86 

in systemic inflammatory response syn¬ 
drome, 7QQ-7Q1 
treatment of in sepsis, 7041 

Hypotensive resuscitation, 475 
small-volume, 949 

Hypothalamic-pituitary-adrenal axis, 635 

Hypothalamic thermoregulatory center, 671 
Hypothalamus 

in heat production, 1117 
osmoreceptors in, L66 
Hypothermia 

accidental 

clinical presentation of, 1119-1122 
definition of, 1116 

diagnostic evaluation of, 1122- 

1124 

epidemiology of, 1119 

pathogenesis of, 1116-1119 


malignant, 1135-1136 

nonpyrogen ic, 1130 
Pw v. lue and, 19t 
pathophysiology of, 672 

pyrogenic, 11 
Hyj rhyroidism 

apathetic, 852 

receptor J-.st nction in, 55t 

in thyroid storm, Mi 

Hypertonic saline solution, 161. 461, 468- 


469 


for »i ute renal failure. 122 
for I rs a trauma, 913 

Hyp ttriglye ik: niia, 216 

Hypertrophic cu Jiomyopathy, 562 

in acute heart failure, 460 

feline, 550 

clinical presentation of, 

etiology and pathophysiology of, 563 
prognosis for, 567°566 

therapy for, 586-567 

I (yperventilation, 282 
for brain trauma, 914 915 

hypoxia-driven, 266 

Hyperviscosity syi f ■ me, 887 
Hvpoadra >corticism, 615 

with adrenal set* r 
clinical presentation of, 63 7 
diagnostic evaluation of, 839 

epidemiology of, 6 

with m 

prognosis for, 692 
treatment of, 640, 84It 
Hypodbuminemw, 776 

Hypo iK« ii ia 

with acute tumor lysis syndrome, 721-722 

treatment of, 7. ‘ ’ 
with albumin administration, 46 \ 
cataracts in, 886/ 
causes of, 8621 

clinical signs of, 864 

ocular manifestations of, 884-865 
pathogenesis of, 661 - 862 


615 
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prognosis foe, 1127 

treatment of, 1124-1127 

for brain trauma, 912 

cardiovascular responses to, 1117 
with cold water immersion, 578 

factors predisposing to, 1120c 

grading severity of, 1117t 

in hemostasis disorders, 741 
in myxedema coma, 854 

P» value and, I9t 

treatment of in, sepsis, 704* 
Hypothermic cardiopulmonary bypass, 442 


Ibuprofen 

increasing sensitivity to vitamin K rodenti 

cide, 11 
for sepsis, 70 t 

Iceberg effect, 937 
ICU patient, fever in, 671-683 
Ileocolic intussusception, 329 

1 leus 






Illness energy requirement (1ER), 206-207 
Imaging. See also Computed tomography; 

Radiography; Ultrasonography 


devices tor, 1148 


in severe liver disease, 794-795 
Imaging log, 1117 

I mid izo r, 652 
Imipenem 

drug interactions of, 1C9U 

inhibited metabolism of, 1099 

Immediacy, 11SU1184. 1194-1195 

Immersion syndrome, 577 

Immobilization, spinal, 922, 925, 927/ 

Immobilization brace, 927 
Immune complex d 


r 1ypothyroidism 

with megaesophagus, 815 
m myxedema coma, 854 
confirmation of, 855 

Hypoventilation, 282,283-284,286, 690-691 

with intermittent mandatory ventilation. 


L12 


in myxedema loom, 6S4 
Hypoventilation syndromes, 533 

Hypovolemia, 167. 451 
absolute and relative, 172 

clinical signs of, 45 r -456 
diagnostic evaluation of, 456 
monitoring of, 470 -474 

pathogenesis of, 

prognosis of, 474 

in projectile thoracic injury, 919 

resuscitation controversies of, 474 476 

resuscitation volumes in, 
therapy for, 

with thermal injury, 974 
Hypovolemic shock, 122 

in hemothorax, 658 

with intestinal obstruction, 833 
Hypoxemia 

in aspiration pneumonia, 

in aspiration pneumonitis, 595-596 
cyanosis in, 293 

definition of, 147 

with Hail chest, 952 

with hypoventilation, 286 
FaOj in, 260-2 - •. 

in pulmonary dysfunction, 690 
with nb fractures, 952 

shunt in, 288 

ventilation-perfusion mismatch in, 288-289 

Hypoxemia-associated injury, 475 

Hypoxia 

in acute respiratory distress syndrome, 585 
chronic alveolar 


drug-induced. 


1056 


Immune enhancing diets, 205 

Immune mediated delayed hemol ms, 200 


201 


Immune-mediated hemolytic anemia, 7J_0 

in cats, 7 >■ ■' ■' J 
causes of, 712c 

class L : 1 0 

class II, 710 
class 111, 710 

clinical and laboratory findings of, 711- 


113 


ccnnplications of. 716-718 

pathogenesis of, 710-711 

prognosis of, 718 

therapeutic and monitoring plan for, 7l4f 

therapy for, 1 i 1-7 1 ’’ 

Inunune-mediated thrombocytopenia 

diagnosis of, 741-743 

treatment of, 

I mmunoudsorption therapy, 897f, 901 

Immunocompromised animals 


pneumonia in 
propofol in, 

Immunoglobulin A (IgA) 

deficiency of in im munocompro mtsod ani 


mals, 


in C 1 tract, 42 

Immunoglobulin E (IgE) antibodies, 612 
Immunoglobulin G (IgG Kmediated phagocy- 

tosis, 710-711 

Immunoglobulin M (lgM) antibody, 718 

Immunoglobulin M (IgM)-mediated phagocy¬ 
tosis, 710-711 


u\ liver failure, 161 

in myxedema coma, 854 
in systemic inH iromatory 

drome, 7QQ-7Q1 

Hypoxic pulmonary 1 hypertension 


syn 


Immunoglobulins 
elevated levels of, 887 

in hypersensitivity reaction, 1143 
tn immune reaction, 710 


causes of, 533 


diagnosis of, 534 

therapy for 
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Immunoglobulins (continued) 

intravenous, lor myasthenia gravis, 8971, 

900-901 

Immunoprecipitation radioimmunoassay 

(RIA), 897 

Immunosuppressive drugs 

for immune mediated hemolytic anemia, 

715,716c 

for myasthenia gravis, 897t, 898-899 

risks of. 901 

in unbalanced inflammatory response, 695 

Impalement injury, 961 

cervical exploration of, 965/ 

management of, 963-966 

Impulse formation disorders, 

I MV, synchronized, 109 

Increased permeability edema, 629 

causes of in dogs and cats, 634t 

etiology of, 633-634 

pathophysiology of, 633 
Incubator, 1156 

Inderal, 567 

I nfec t ions 

fever with, 675 

with lmmune tnediated hemolytic anemia, 

716, 717-718 

with increased sepsis risk, 697 
in pancreatitis, 774 

treatment of in liver disease, 800-801 
Infectious disease 

in acute liver disease, 785-787 

ocular manifestations of, 883 

uveitis in 


Informed consent, 1220 

Informorph, 132 
Infrared capnometry, 90 

Infrared tympanic thermometers, 1122 
Injury, hepatic response to, 788 
Injury/illness severity factor, 2Q6-2Q7 
I notropes 

for dilated cardiomyopathy, 559-560 

for sepsis support. 7051 

Inotropy, 472 

Insect bites/stings, 1017-1019 

treatment of, 1018-1019 

Inspiration, mechanical ventilation, 97 

Inspiratory/expiratory (1:E) ratio, modiflea 

tion of, 105-106 
Instrumentation setup, MRI, 400 

Insufflators, 115/ 

Insulin 

for atrial standstill, 502 

deficiency of, 844 

for diabetes mellitus, 846-847 
for diabetic ketoacidosis, 847 
drug interactions of, 1091c 

for hyperosmolar coma, 849 

for hypoadrenocorticism, 841c 
overdose of, 850 

receptors mediating, 551 
release of in cancer, 221-222 

solution pH and release of, 1095-1094 

Insulin receptors, 52 
disease and, 56 
Insulinoma 

clinical presentation of, 850 

diagnostic evaluation of, 
pathogenesis and epidemiology ot, 850 

prognosis for, 852 
treatment of, 851-852 
Integument, adverse drug events in, 1068 

Intercostal approach, 141, 142-143 

Intercostal nerve blocks, 165 
Interferon, 673 
Interferon-y, 219 
Interleukin'1 

in multiorgan failure, 686-687 
in SIRS, 698 

tumor cell release of, 219 
interleukin^, 219 
Interleukin'1 inhibitors, 705 f 

Interleukins 

in mucosal barrier disruption, 44-45 

in stress starvation, 203 
in systemic inflammatory response syn¬ 
drome, 580 

Intermittent electrocardiography, 247- 


QQJL 


t 


in cats 

in dogs, 885c 

Infiltrative disease, liver, 787 
Inflammation 




chronic, 411 
definition of, 695 

laryngeal, 605 

oxidant stress in, 15 

receptor dysfunction and, 56 

in systemic inflammatory response syn 

drome, 701 
tracheal, 607-608 
Inflammatory bowel disease, 765 


Inflammatory cascade, 79 


rapid activation of, 700 

Inflammatory cytokines 

in stress starvation, 203 
tumor cell rel 


of, 219 


Inflammatory mediators 

in asthma, 617 


late phase, 618/ 


in pancreatitis, 772 

in systemic inflammatory response syn 

drome, 580 
in thermal injury, 974 

Inflammatory response 

factors initiating, 695 
to l ipopolysacc harides, 692 


248 


Intermittent mandatory ventilation, L02 
Intermittent positive pressure breathing. 


651-652 


Intermittent spontaneous breathing periods, 


LU 


Internalization, 54 
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Intraocular pressure, 881 

Intraosseous catheter, 62 1 

Intraosseous route, 5SL 1085-1086 

Intraosseous venous access, 62 (i ) 
Intrapleural anesthesia, 80 

Intrapleural pressure, 

Intrapulmonary shunting, 290-291 
absolute, 14? 

in lung contusion, 943 
intrarectal administration, 58, 63 
Intraspinal hemorrhage, 408 
Intrathecal administration, 1066 
Intratracheal administration, 58 

Intratracheal venous access, 61 

Intravascular hemolysis, 189 
Intravascular volume, 173-174 

depleted, 174-175 

Intravenous ca11 i eternal ion 

for bl 


International normalization ratio (INR) 


International sensitivity index (IS1), T4-H 
International Society for the Study of Pain, 

1207 

intemodal tracts, 242 

Interposed abdominal compression (IAC), 

431-432 

Interstitial fluid, 631-612 
Intervertebral disk herniation, 406, 408 
Intestinal K horygmi, 950 

Intestinal herniation, 830 
ventral abdominal wall, 90o / 

tine $i ina l obs t rut t km 

clinical presentation of, 830 
diagnostic evaluation of, 830-831 
epidemiology of. 830 
partial and complete, 829 
pathogenesis of, 829-830 

progncM 1 * for, 813 

treatment of, 832-833 
intestinal resec t >n, 908 

Intestinal strangulation, 829 

treatment of, 833 

vascular compromise with, 830 

Intestinal torsion, 830 

Intestine 


transfusion, 199 


Ml 


peripheral, 58-61 


Intravenous fluid overload, 888 

Intravenous fluid resuscitation, 1134 

Intravenous fluids, I C9 4 

for pulmonary thrombi bo l ism, 536 

visual changes in, 1094 
Intravenous preparations, 1088-1094 

Intussusception, 384-385 t 829 

colic-colic, 329 

diagnosis of, 386-387 
at ileocecal junction, 830 

ileocolic, 382 

treatment of, 833 


permeability of in hemorrhagic diarrhea, 


764, 765 


rupture of from blast overpressure, 1235 

l ntra-abdominal heii lorrhage 
traumatic, 906 

treatment of, 908-909 

Intracellular fluid compartment 

as percentage of total body water, 173 

water movement from, 181 
Intracellular second messenger pathways, 

49-50 

I ntrac rania I c ompl i ana* ,912 
Intracranial hemorrhage 

In brain trauma, 910 911, 912 

MRI for, 403 

surgery for, 

Intracranial imaging. 

Intracranial pressure 

with brain injury, 910 

dynamics of in brain trauma, 912 
increased 

with high airway pressure ventilation 


Inverse ratio reath, Ml/ 

inverse ratio ventilation, 105-106 

Inversion recovery techniques, 402 

lodinated radiocontrast agents, 1060 

Ion channel receptors 

disease an i, 36 


physiology of, 50-5 1 


Ionic current, 50 


Iridocyclitis, 883 

I roi \ 


adverse reactions to, treatment of, 

1053r 

binding of, 15 

in free radical reactions, 22 

metabolism of, 404 1 

sequestration of, 35 
vitamin C and, 34 -3 5 

Iron chelators 


III 


management of in near drowning vie 

tims, 580 

MRI for, 401 

with severe liver disease, 790 
Intracranial trauma, 402 
Intragastric pressure, 753 

Intrahepatic shunts, single, 80S 

I ntramusc ular abs<irption, 

Intramuscular injections, 69 

Intranasal mute, 58* 64 

Intraocular bemorrha^e, 1235 


cardiotoxicity of, 1072 

for cerebral resuscitation after cardiopu 1 mo 

nary arrest, 44 5 1 


Iron dextran, 1091 1 

Iron salts, 1053t 

lsch emia 




in liver failure, 787 

magnesium for, 
in mucosal barrier disruption. 

in pancreatitis, 774 

lsoetharine, 164t 
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Isoflu ran e 

in si Ircrudectomy, 841 

for seizures, 876 

Isolation room, 1165 
Isoproterenol 

for aspiration pneumonitis, 600 

for cardiovascular dysfunction, 688 
for seconds: ?gr < AV block, 502 
for sinus arrest and block, 501 

in temporary cardiac pacing, 230 

for third-degree AV block, 309 

Isotonic saline solutions, 181 

tor acute renal failure, 112 
Isovolumic relaxation time (IVRT) 

iSTAT, m 

ltraconi 2 ole, 652 
Ivermectin 

adverse reactions to, treatment of, 1054* 

CNS toxicity of, 1065, 1067t 

overdose f, 889 


k I: vs 

abdominal ultrasonography of, 374-378 

adverse drug reactions of 

agents in, 1057-1059 
predisposing factors in, 1057 

assessing unne production capacity of, 

303-305 

in drug excretion, 1088 
neoplasia of, 1; 

replaced by echo-complex mass, 37S 

in sodium and volume talance, 167 
subcapsular hemorrhage of, 379/ 

in water excretion, 166 

Kinetic energy, 10 

Kin makes 1023-1024 

Kitchell, Ralph, 1213 

Klebsiella pneumoniae, 643 

in omuoiic diarrhea, 764 






Laboratory, 

equipment in, 1156 

necropsy data procedures in, 1155 

quality control program for, 1155-1156 

specimen data in, 1155 

Laboratory animal welfare laws, 1209, 1212 

Laboratory tests 

for acute heart failure, 482 
in hypoche nia, 112 3 

for intestinal obstruction, dll 

for pancreatitis, 777-779 

for snakebite, 1034-1035 
Laceration wounds, 961 

Lactate, plasma concentrations of, 

! ictare analyzer, 1156 
Lactic acid 
accumulation of in brain trauma, -912 
blood concentrations of in cancer, 221 

Lactulose 

for portosystemic drum, 808-809 

for severe liver disease, 797t 
Laminar flow, 9 10 
Laparoscopy 

for abdominal trauma, J 
instrumentation for. 111 

for intestinal obstruction, dll 

for severe liver disease, 796 

Laparotomy 
exploratory 

for pane real H is, 781 
or severe liver disease, 7% 
pain with, 69 

survival prediction in high-risk canine pa 

tients, 415 


| point, 250 

Jaundice 

in liver disease, 790 

ultrasonography for, 

!ejunostomy tube (J-tube) 

in enteral nutrition, 208 

formulations for, 209 
indications for, 206/ 

placement of for, 205 

for gastrointestinal dysfunction, 692 

for peritonitis, 222 

Jen Chung (GV26) acupuncture point, 427 

Jet ventilation, high-frequency, 589 

J|i: hir catheter, 268 

Jugula venous access, 58 


Kanamycin, 1091 1 

K.iopct line, 1095 

Kennel cough, 163. 607 
Keratitis, 888-889 

Keratoc * injunct ivitis sicca, 

Ketamine (Vetalar), 77-78 

for bum injury, 978t 

lose ind route of, 79i 

drug interactions of, 1091 c 

maintaining accurate records for, 74-73 
receptors mediating, 55 c. 

Ketoacidosis 
fluid rhetapY for, 186t 
sodium bicarbonate for. 181 
Ketoconazole 

for hyperadrenocort ic ism, 842t 

impaired drug elimination with, 1098 

Ketone bodies, 202 

Kcoopcofen fK nten 1 

analgesic effects of, 79 

i i route of, 79c 

for fever reduction, 682 

increasing sensitivity to vitamin K rodenti- 

cide, 1109c 


8 




Laplace law, 5 

Larval migration, 618. 619 

Laryngeal disease 

diagnosis of, 61Q-61 1 

etiology and clinical presentation of, 603 


£5 


prognosis of, 614-615 
treatment of, 611-614 
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La r,: ■. g - aJ nerves 

bite wounds to, 937 

trauma to, 604 
Laryngeal paralysis 

in aspiration pneumonitis, 594 

with bite wound, 937 

etiology and clinical presentation of, 603 


Leiomyoma 

larvrut al, 605 
tracheal. 606 

Leiomyosarcoma 
esophageal, 813 

gastric, 823 

Leptin, 201 

Leptospirosis, Z8I 

in renal failure, 3.38 

Leuckine kinetics, whole body carbon 14 

labeled, 22 1 

i iiconosfk mesenteroides, 463 
Leukopenia, 585 

Leukotriene receptor blockers, 626-627 

Leukotrienes 

in asthma, 617 

in mucosal barrier disruption, 

Le\ a 1 lotph;': i r mate (Lorfan), 105-4r 
.evamisole, 1069t 

Lcvothyroxine 

for myxedema coma, 855 
receptors mediating, 551 

Lewisite, 1229 

effects and treatment of, 1230t 
Lidocaine 

for bite wounds, 961 

CNS toxicity of, 10671 

in detbrillation, 418 
drug interactions of, 1091 r 

for flail chest, 953 

intravenous infusions of. 81 

dotes of, 791 

for m\ cardial injury, 1008 

for pericardial effusion, 542 

for PVCs, 493 

for rib r achires, 663, 952 

for sternal fractures, 663 
for traumatic myocarditis, 66S 

for ventricular t hycardta, 4 '7, 519 


604 


Laryngeal reflexes, impaired, 611 -612 
Laryngeal web formation 

etiology and clinical presentation of, 


605 


treatment of, 613-614 
Latyn cromv, 613 

Laryngospasm, 512 

Larynx, 603 

in gas transport, 15 
inflammation of. 605 

neoplasia of, 605 

obstruction of, 6C 3 
trauma to, 6C4 

Larrodectus antivenin, 1014-1015 

Lazaroids, 9U 

Lead poisoning, 969-970 

Lead systems, 

hexaxiat, 255/ 

Leads 

color coding for, 2471 
dislodgemenr of, 215 

insulation failure in, 215 

placement of, 

Lean muscle mass, loss of, 202 

I eft atrial pressure (LA 2), 524 
elevated, 529, 538 

Left bundle h mch bhvk, 496 


LOG findings in, 496-497 


pathogenesis of, 495 
Left heart failure 

pulmonary edema in, 634^635 

radiologic evaluation for, 331-332 
signs of, 332 

Left pump, 1 

Left-to-nghr shunting, 331 
Left ventricle 


520 


Life support, prolonged 
for cardiopulmonary 


flow sheet for, 434/ 


Lt]';u i'gt'tcd ion channels, 50 

Ligand'mediated receptor regulation, 54 

Ligand-receptor recognition, 47 
Ligands, endogenous, 4L 49 
Ligation 

for portosystemic shunt, 810, 811 

for vascular ring anomaly, 819 
Limb leads, unipolar, 245 c 
Lime sxilfor dips, 1069t 

Linco&amidts, 908 

Linear array transducers 

for abdominal ultrasonography, 362 
in splenic sonography, 369 
Linear foreign bodies, 128 129 

Lirtoletc acids, 210 
Linolenic acids, 2 10 


dilation of, 

enlargement of, 570 

pressure-volume curves for, 5/ 

remodeling of in myocardial failure, 

554r 

Left ventricular hypertrophy 

in hypertrophic cardiomyopathy, 352-353 


563 


secondary, 562 


Left ventricular pressure 

end-diastolic volume and, 4£ 
in restrictive cardiomyopathy, 568-569 

Legislation 

on animal treatment, 1209 

for laboratory animal welfare, 1212 
on right to die, 

on treatment of research animals, 1210 


Lip 


activation, 202 


Lipid per ox id 
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Lipid-soluble drugs 

binding to receptacles, 109*1 

distribution of, 1086 

Lipidosis, hepatic, 787 

feline, 802 
Lipids 

in enteral formulations, 210 

metabolism of 


prognosis for, 802 

treatment of, 796-802 

Liver enzymes, 

Liver failure, acute, 785 

toxicity in, 787 

Liver function tests 

in multiorgan failure, 691 

for portosystemic shunt, 807 

for severe liver disease, 793 
Living will, 1218 

sample of, 1219r 
L i lards, poisonous, 

Loading dose, 1084 
Loop diuretics, 

Lopressor, 562 

Lorfan, 1054t 
Lotensin, 567 
Low output failure, 485-486 

Low'pressuie intrathoracic insufflation. 141 

Lumen, IgA of, 42 

Lung 

abscess of from migrating porcupine quills, 

967/ 

decreased compliance of, 284-285 ( 
disease of, 534 
elastic forces of, 284 

electron photomicrography of, 631/ 

expansion of, 15-16 

histopathology of in acute ARDS, 584f 

hyperinflation of, 618 

inflammatory response in, 580-589 
laceration bleeding of, 658 

lobes, rounding of, 334 

neutrophil and macrophage infiltration 

into 


in cancer cathexia, 220-221 

in diabetes mellitus, 844 

in hepatic dysfunction 


peroxidatioi of, 29-50 


Lipopolvsacchande binding protein, <> g 7 

L ipopolysacc hartdes 

in multiorgan failure, 686 

in sepsis, 697 

stimulating release of, 703 

Lipoprotein lipase, 203 

Lipoproteins 

affecting drug distribution, 1097 

serum levels of in cancer. 221 


Lipoxygenase, 943 
5-Lipoxygenase inhibitors, 
Liquid ventilation, 589 
Liver 


abscess of, 370/ 


drug-induced reactions in 


agents in 

predisposing factors in, 1059-1061 

drug metabolism in, 1087 

drugs toxic to, 106It 

dysfunction of, 691 -692 

evaluating size and appearance of, 363 


365 


focal nodular regeneration of, 369/ 

metastatic foci in, 372/ 

reactive metabolites in, 1061 
sagittal sonogram of, 370/ 
ultrasonography of, 

vascular abnormalities of, 365 

Liver disease 

with coagulopathies, 746 
frozen plasma for, 198 

management of in hemostatic disorders, 


parenchyma of 

blunt trauma to, 942 f 
collapse of, 946 

injury to, 935 

traumatic damage to, 941— iJ 45 

retraction of in pneumothorax, 335 

vitamin C in, 34 

Lung atelectasis, 673 
Lung function testing, 624 

Lung infiltration. 334 

Lung lobectomy, 652 

Lupus, 340 


746 


packed red blood cells for, l g 7 


severe, 785 


Lye bum, 98Q 


anatomic variants of, 788 

clinical signs of, 791-792 

clinicopathologtc findings in, 792-796 

common causes of in dogs and cats, 

786t 

diagnostic evaluation of, 791-792 

etiology of 

chemical and pharmaceutical agents 

in. 282 

infectious agents in, 

infiltrative disease in, 787 

ischemia and hypoxic injury in, 787 

metabolic, 787 

pathogenesis of, 788-791 


Lymphadenopathy, 387 

Lymphatic flow, 174-175 

Lymphoma 

gastric, 823 

in hemorrhage diarrhea, 765 

multifocal 
ocular 

pseudohyperparathyroidism and, 862 

in renal failure, 338 

spinal MR I for, 409 

Lymphosarcoma 
feline tracheal, 606 

laryngeal, 604. 605 
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Mean arterial bl 


pressure (MAF3P; MAP) 


multicentric, 374 




270 


pericardial effusion and, >41 


in brain trauma, Mi2 

in gastric dilatation-volvulus, 759 
Mean circulatory pressure (MCP), U _ L 1 

Mean electrical axis 
determinin g 2 56 f 
establishing 

normal for dogs and cats, 253t 

Mean pulmonary artery pressure, 275 
Mechai i c a 1 ventilation 


M-mode echocardiography, 342-343 

two-dimensional, 1008 

ttj-Macroglobulin, 772 

Macrophages 

drug clearance from, 1074 
Fc receptor binding to, 71Q-71I 
Magnesium 
balance of, 168-169 

in CPR, 443- 444 

in defibrillation, 438 

for diabetic ketoacidosis, 847-849 

in LOG abnormalities, 114 

for isorhythmic atrioventricular dissocia¬ 
tion, 5 1 7 

serum lev els r , 168-169 
Magnesium chloride, 1009 
Magnesium sulfate 
tor adverse drug reactions, 1051c 
drug interactions of, 109It 

for r/Cs, 493 

L agnetic resonance i maging 
for abdominal trauma, 908 

for brain trauma, 915 

clinical use of 

in CNS imaging, 400-410 

in non-CNS studies, • 11 

emergency use of, 399-412 
equ ip inen t for, 1158 
for penetrating wounds, 95 S 

of skull, m 

for spinal injury, 924 
technical considerations of, 39 

Maintenance Joses, 1084 
Malabo i prion, 764 

Malacia, spinal cord, 4CM 
Malignant neoplasia, gastric, 823 

Malnutrition 


conventional, 99-101 

ttansiriontng from, L02 


for flail chest, 665 666 


high-frequency, L03 

indications for, % 


in pulmonary trauma, 9441 
intermirrent mandatory, LQ2 
monitoring patient dunng, 106 108 
for myxedema coma, 855 
fin near drowning victims, 560 
pressure support, 1 02 103 


principles of, 96-113 


problems and complications of, 110-113 


theory of, 97 99 


Medetomidine, 78r 
Medial longitudinal fasciculus, 882 
Mediastinal injury, 655 
Mediascinitis, 813 

Medical analogy technique, 1203c 

Medical power of attorney, 1218-1220 

sample of, 1221 f 

Medical records, 1150 
equipment fo r, 1151 
nursing notes in, 1164 
strut cure of, 1151-1153 

Medication labels, 1153 

Medtomidine, 78-79 

Megaesoph i : i, 81 * 

acquired, 814 

tn aspiration pneumonitis, 594. 596f „ 597 / 
congenital, 815 

decompregion in, 207 

diagnosis of, 816 

diseases associated with, 814t, 815 
in rayast Kenia gravis, 894 -i>95 

mess:e, 81-1 

radiograph of, 817/ 

recurrent regurgitation with, M6 
thymoma-associated, 820 

treatment of, 819-820 

Melanoma, la y geal, 625 

Meloxicam, 1064 

Membrane depolarization, 50 
Mental status assessment, 922 


M 


in multiorgan failure, 692 
in pneumonia. 646 
treatment of, 650 


Mannitol 

fur acute renal failure, 

allergic reaction to, 1056 
for brain trauma, 916 

for cerebral edema in hypothermia, 1127 

drug interactions of, 1091 1 
for severe liver disease, 7971 
in spinal injur /, 922 

tor toad poisoning, 1021 

Mast cell rumor 

la ( v ngeal, 60 3 

tracheal, 606 
Mast cells 

in asthma, 617 

drug-induced degran ulation of, 1Q56 
Mastocytosis, Lil 

Maxilla, Li 


Nlentanon me»titot ing, 693 

Meperidine 

side effects of, 12 

in upper GI endoscopic anesthesia, 116 
Mesh implants, rib fracture, 663 

Mesothelioma, pericardial, 346 
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Messenger RNA, 54 

Metabolic acidosis 

in acute renal failure, 316-317 

in acute respiratory distress syndrome, 


drug interactions of, 109 It, 1097, 1101 
for gastric motility disorders, 827 

for immune'mediated hemolytic anemia, 

7l6t 

for pancreatitis, 780 

for uremic gastrointestinal disorders, 322 

Metoprolol, 562 

Metronidazole (Flagyl) 

for abdominal trauma, 90S 

for chemotherapy-induced GI toxicity, 

1139 

CNS toxicity of, 1067t 

drug interactions of, 109It 
in pancreatitis, 773 

for severe liver disease, 797c, 798t 
Metyrapone, 840 

Mexican beaded lizard (Hebdemux homdum) 


585 


expected blotxj gas compensation in, 2621 

in intestinal obstruction, 829 
in malignant hyperthermia, 1135 
treatment of in diabetic ketoacidosis, 847 

Metabolic alkalosis 

expected blood gas compensation in, 

262 1 

in gastric outflow obstruction, 825 

in intestinal obstruction, 829 
pathophysiology of, 824 

treatment of, 824-82 5 

Metabolic disorders 

in cancer 

in cancer cathcxta, 220-223 

ocular manifestations of, 883-887 
Metabolic pathway, 26-28 

Metabolism 

drug interactions affecting, 1097-1099 

reduced rate of in starvation, 203 
support of, 36 

Met ac topram ide 

for hemorrhagic diarrhea, 769 

seizures with, 1065 

for severe liver disease, 799 1 

Metaproterenol, 164c 

Metastatic carcinoma, 541 
Metastatic hemangiosarcoma, 404 
Methemoglobin 

co-oximetry measurement of, 89 
in elevated pulse oximetry, 88 
Methemoglobinemia 

drug-induced, 1070-1071 

in smoke inhalation, 982-983, 986 

Mcthimazolc (Tapazole) 

hematologic disturbances with, 1070c 

for thyroid storm, 858 

Methocarbamol, 1114 
Methylamphetamine, 1055c 
Methylene blue 

for adverse drug reactions, 1054c 
hematologic disturbances with, I070t 

Methylprednisolone 

drug interactions of, 109It 

for smoke inhalation, 987 

for spinal injury, 926-927 

Methylprednisolone sodium succinate (Solu 

Mcdrol), 916-917 

4 -Methylpyra 2 ole, 1047. 1099 

Methylxanthines, target of, 48t 
Me toe lepra nude (Reglan) 

for aspiration pneumonitis prevention. 


Mibemycin, 1067t 

Microangiopathy, 712r 

Microcirculatory defects, 475 

Microprocessors, 1147 

Microsomal enzyme system, 789 
Microvascular barrier, 630 

M icrovascular portal shunting, 80S 
Midazolam (Versed) 

dose and frequency of, 781 

in 1CU sedation/anesthesia, 82 

Milbemycin, 1065 

Military anrishock trousers (MAST), 432 
Milrinone, 486 
M inera locort icoids 

function of, 835 

for hypoadrenocorticism, 84It 

lack of, 836 

supplementation of, 837 
Mini-chest tube, 154-156 

Minute ventilation, 423 

Minute volume, 284-286 

Miosis, bilateral, 882 

Miscommuntcation, 1183-1184 

Misoprostol (Cytotec) 

for adverse drug reactions, 
for aminoglycoside toxicity, 1059 
for immune-mediated hemolytic anemia, 

716c 

for NSA ID-induced GI ulceration, 1064 

1065 

for NSAID nephrotoxicity, 1060 
Mission statement, 1177 
Mitotane, 840. 8421 

Mitral regurgitant jets, 352/ 

Mitral valves 
chronic disease of, 538 

degeneration of, 347-348 

insufficiency of 

diagnosis of, 347 

in hypertrophic cardiomyopathy, 353 

in left heart failure, 331, 332/ 

prognosis of in pulmonary edema, 640 


1054t 


598 


for caustic esophageal injury', 132 

for chemotherapy-induced GI toxicity, 

1138 

CNS toxicity of, 1067c 


641 
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prolapse of, MI 

cc hoc aid iograph of, M9/ 
regurgitation of 

in dilated cardiomyopathy, 55 S 
Doppler flow velocities of, 151 

echocardiographic diagnosis of, 

Mixed cell tumor, laryngeal, 605 
Mobile crash modules, 1218-1219 
Mobilization, pulmonary, 600 

Mobit: type 1 AV block, 505 
ECO Endings in, 506f, 507 

Mobitz type 11 AV block, 505 

ECG Endings in, 506f, 507 

Moccasins, 1029 
Mohave rattlesnake bites, 10)9 

Mohave toxin, 1027 

Monitoring 

issues in, 1147-1148 

MRI equipment of, 399-400 
parameters of, 1147 
techniques of, 1147 
technology advances in, 1147 

Montelukast (Singulair), 626-627 

Moral status of animals, 1208 

Moral st rest, 1210-1211 

Morphine 

allergic reaction to, 1056 

for caustic esophageal injury, 1 32 
dose, route, and frequency of, 75 1 

drug interactions of, 1092t 
effective levels and bioavailability of, Z5 

maintaining accurate records for, 74-75 
metabolism of, 16 

for pain in shock, 470 

for pancreatitis, 781 
for pen ton it is, 727 

prophylactic with intestinal obstruction 

surgery, 832-833 

for respiratory tract disorders, 611 

for rib fractures, 952 

side effects of, 22» 74 

treating adverse reactions to, 1054t 
in upper G1 endoscopic anesthesia, 116 
Morphine sulfate (Astramorph), 978f 
Mortality record, surgery/ane>rhesia, 1160 

Motility modiEers, 729 
Motor Emotion, 418 

Motor vehicle accidents 

abdominal trauma in, 905t 
brain injury with, 910 

in myocardial injury, 1006 

Mouth'tO'mouth ventilation, 426 

MRI, See Magnetic resonance imaging 
Mucocele, gallbladder, 

Mucociliary blanket, hydration of, 161 

Mucolytics 

for pulmonary' pharmacotherapy, 164t 
for retained airway secretions, 163 

Mucometria, 392-393 

Mucosa 

injury of, 44-45 


permeability of, 41 

ulceration of with gastrointestinal bleed 


mg 


Mucosal harrier, 4Q 

disruption of, 

function of, 41-43 

restitution and healing of, 45 
Mucous airway plugging, 93, 94 ( 

Mucous cells, 4Q 

Mucous membranes, 171 

Mucus, 42 

Multifenestra ted vinyl tube, 157/ 

Multiform (multifocal) complexes, 517 
Multiorgan failure 

acute renal failure in, 691 
after bite wounds, 938 
cardiovascular dysfunction in, 688-690 
clinical criteria of, 
diagnostic evaluation of, 687-688 

epidemiology of, 687 

liver and gastrointestinal dysfunction in, 


pathogenesis of, 686-687 

prognosis of, 693 

pulmonary dysfunction in, 690-691 

in starvation, 204 
treatment of, 688, 692-693 

Multiple endocrine neoplasia syndrome 

(MEN type I) insulinoma, 850 

Multiple organ dysfunction syndrome 

(MODS) 

definition of, 685, 686t, 696t 

diagnostic evaluation of, L 12 
epidemiology of, 687 

monitoring goals in, 6921 

with near drowning, 521 

pathogenesis of, 686-687 
prognosis of, 693. 206 

sepsis progressing to, 699 
treatment of, 

p-agontst/antagonisrs, 11Q1 

nausea and vomiting of, 77 

P'opioid agonists, 74-75 

p-receptor agonists, 22 

respiratory- depression with, 21 

Muscle protein synthesis, 

Muscle relaxant*, 1114 

Muscle tremors, 249 
Muscular activity, 1130 

Muscular wall injury, abdominal, 906r 

Musculoskeletal system 

pain with injuries to, 68-69 
radiography of, 340 
Mustard gas, 1229 

effects and treatment of, 1230t 

Myasthenia gravis, 892 

clinical presentation of, 893-894 

diagnosis of, 
epidemiology of, 893 

pathogenesis of, 892 

prognosis for, 901 
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Myasthenia gravis (continued) 

receptor dysfunction in, 55 1 
treatment of, 897-901 

Mycophenolate, 899 

Mycophenolate mofetil, 897t, 899 
Mycoplasma 
pneumonia, 643 

radiologic evaluation of, 334 
tracheal, 607-608 
Mydriasis, pupillary, 882 

Myelitis, 

Myeloma, spinal, 409 
Myeloperoxidase enzyme, 27- 28 
M y e losuppress ion, 1140t 

Myocardial injury, 1004 

diagnosis of, 1006-1008 
epidemiology of, 1006 

etiology and mechanism of, 1004-1005 

pathophysiology’ of, 

prognosis for, 1009 

with thoracic trauma, 935 
treatment of, 1008-1009 

Myocarditis, traumatic 

clinical presentation and diagnostic evalua 

tion of, 666-667 

epidemiology of, 666 

treatment of, 668 

Myocardium 
blood flow of, 443 

contractility of, 6-7. 454-455 

progression of in dilated cardiomyopa¬ 
thy, 555 

contusions of, 666 

disease of in dogs, 552c 

function of 

in hypertrophic cardiomyopathy, 153 

in mitral and aortic valve degeneration, 

348 

ischemia of in hypertrophic cardiomyopa¬ 
thy, 563 

left ventricular remodeling in failure of, 554c 
progressive dysfunction of, 555 f 

in stroke volume generation, 2 

traumatic injury of, 666-668 

Myxedema coma, 854 
clinical signs of, 854-855 

diagnostic evaluation of, 855 
prognosis of, 855 

treatment of, 855 


Narcan, 1054c 

Narcotics 

adverse reactions to, treatment of, 1054c 

analgesic, for hemorrhagic diarrhea, 768 

anesthetic, in adrenalectomy, 841 

in sinus bradycardia, 498 

in upper GI endoscopic anesthesia, LI6 

N ares, L5 

Nasal cannulae, 148 

Nasal catheters, 148 

contraindication to, 149-150 
Nasal oxygen tube placement, 149/ 

Nasal tumor, 41 1 £ 

Nasoenteral rube feeding, 206/ 

Nasoesophagea 1 tube (NE tube) 

in enteral nutrition, 207 

placement problems with, 212 

Nasogastric tube (NG tube) 

in enteral nutrition, 202 
placement problems with, 212 
Nasopharynx, gas transport in, Li 
Nausea and vomiting. See Vomiting 

Nebulization 

for aspiration pneumonitis, 600 

drugs for, 164c 
for pneumonia, 651 
in respiratory care, 162 

for smoke inhalation, 987 

Neck 

bite wounds to, 937-938 

management of, 962-963 

trauma-re laced injuries to, 9361 

Necropsy data procedures, 1155 
Necrotizing pancreatitis, 388 
Needle foreign body, 126/ 

Needle thoracostomy/thoracocentesis. See 

Thoracoc entesis 




N eomyc in 

adverse dermatologic reactions of, 1069t 
increasing sensitivity to vitamin K rodenti 

cide, 1109t 

for severe liver disease, 7971 

Neoplasia 

abdominal, 312 

laryngeal, 605 

lung, 334 

ocular manifestations of, 888-889 

spinal, 340 

tracheal, 606 

Neoplastic agents, 1072 1 

Neoplastic osteolysis, 8661 

Neostigmine 

for myasthenia gravis, 8971, 898 

target of, 48r 

Neostigmine methylsulfate, 1052c 
Nephrectomy, 908 
Nephrotoxic drugs, 1057-1059 

Nerve agents, 1228-1229 

effects and treatment of, 1230t 
medical management of, 1229 

Nerve block, 663 


N-acetylcysteine (NAC), 13 

actions of, 111 

for adverse drug reactions, 10531 
preventing liver damage, 1061 
for pulmonary pharmacotherapy, 164t 
for retained airway secretions, 163 

for severe liver disease, 798t 
N-tnethyl-D-aspurtate (NMDA) receptor, 12 

N a I ox one 

for adverse drug reactions, 105It, 1054c 
antagonistic action of, 47 
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Neuroendocrine response, 554 

Neurohormonal modulation, 561 

Neurologic disorders. See specific disorders 

Neurologic examination, 922 

Neurologic function 


Nociceptors, sensitization of, 79 
Nodal tachycardia. See Atrioventricular disso¬ 
ciation, isorhythmic 

Nonsteroidal anti'inflammatory drugs 
adverse reactions to, treatment of, 1054c 
affect : : platelets. 742 1 
.ill ecgic reaction to, I P56 
analp mc iction of, ?9 80 
bronchoconsetiction with, 10 7 4 

CNS toxicity of, 1067 c 

displacement from binding sites, 1097 

for fever red n ton. 681, 662 

gastric erosion and ulcers with, 42 

gastrointestinal advene reactions to, 

1064-1065 

in G1 ulceration. Ill 
hematologic disturbances with, 10?0r, 

1071 

for hemorrhagic diarrhea, 768 
heparotoxicity of, 1063 

for hypertension, 887 

nephrotoxicity of, 1059-1 

for ocular inflammation, 883 

platelet inhibitory effect of, 744 

4c in reactions to, 1068 

target of, 161 

Nonverbal communication skills, 1193-1194 
Norbromide, 1106 
Norepinephrine 

in canine dilated cardiomyopathy, 554 
production of, 815 

for Kps is support, 705 1 
NormosohR, 181. IE2 

North American Veterinary Technicians As* 

sociation certification, 1172 


risk factors to with mechanical ventila' 

tion, Lil 

Neurologic sequelae, near drowning, 5 HP 

Neuromuscular blockers, receptors mediating. 


55 r 


Neunxnuscular discase 
Neuropathic pain, 68-69 

Neuropeptide Y, 201 

Neurotox ic i ty, chemotherapy - induced 
Neurotoxins 


of black widow spider, 1014 
in scorpion sung, 1 0 16 
in snake venom, 1027 
N eurotraratnitters 

in intercellular communication, 4 2 
in spinal injury, 921 
Neutropenia 

afebrile and febrile, 1 41 

chemotherapy'induced, 1140-1142 

management guidelines for, 1142c 
manifestations of, 1140-1141 
Neutrophils 

chemotherapy effects on, 1139-1142 
degenerative, in peritoneal fluid, "26 

in mucosal barrier disruption, 
oxygen metabolism in, 27-28 
Nicotinamide a^lenine dinucleotide (NAD) 




104 2 


Nicotinic acetylcholine receptor antibodies. 


mi 


Nor vase, 561 

Now >comia Id- jwc, 675 
common infections of, 676-678 
incidence and prevalence of, 675-676 

prevention and treatment »f in acute re¬ 
nal failure, 12.2 

risk factors for, 676 

sources of, 676 
Notching, 359/ 

NS A IDs. See Nonsteroidal anti* inflammatory' 

drugs 

Nuclear cardiography, 1008 
Nuclea ! ctor rccepMt 

in disease, 56 

d< j ati' regulation < f, 56 

physiology of, 

Nuclear power plant accidents, 1229 

Nuclear waste, 1229 

Nursing care 

equipment for, 1165 

facility for, 1165-1166 

personnel and procedures for, 1164-1165 
N ursing m n es, 1164 
Nursing staff/patient ratio, 1170 

Nutrition 

in critically ill animals, 202-216 


Nicotinic cholinergic receptors, 50 

Niitrie oxide 

antagonists of, 705 1 

in host defense processes, 53 

in mucosal barrier function, 43 

Nitric oxide synthease (NOS), 43 

inhibitors of, 41 
Nitric oxide transformation, 30 
N i trofurantoin 
dtl interactions of, 1092 r 

in pancreatitis, -• 

Nitrofurazone (Furacin), 912 
Nitrogen 

metabolism of in liver disease, 789 
negative balance of, 203-204 

Nitrogen mustards, 1229 
I itroglycerin 

for congestive heart failure, 484 
foe pulmonary edema, 6S9 640 

Nitro imkl roles. 908 

N i troprusside 

for congestive heart failure, 484 

for pulmonary edema, 639 640 

No*reflow phenomenon, 475 

Nocardta infection, 541 
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deficiencies of in canine dilated cardiomy 

opathy, 

for febrile patient, 682 

for hemorrhagic diarrhea, 
in pancreatitis, 773 

Nutritional support 

for acute renal failure, 320-321 

benefits of, 204-206 

for chemotherapy induced GI toxicity, 

1158 

clinical, 205-206 


fatty acids 

for cancer cathexia, 224-225 
in immune enhancing diet, 205 
Omentum, 724 

Omeprazole (Prilosec) 

for adverse drug reactions, 10541 
for gastric mucosal injury, i J 7 
for gastric outflow obstruction, 826 

for pancreatitis, 780 

target of, 4St 

for uremic gastrointestinal dis rders, 322 

Oncocytoma, laryngeal, 605 
Ondansetron, 769 
One-down approach, 1203t 

One*lung ventilation, 140-141 

Operating n 


complications of, 65 


delivery of, 64 65 


for liver disease, 801 

for myasthenia gravis, 897t, 900 
for peritonitis, 729 

route indications in, 206/ 
for severe liver disease, 797f 

for thermal injury, 979 
Nutritional therapy 
for pancreatitis, 780 
for pneumonia, 650 

Nystagmus 

abnormal, 882 

physiologic, 882 


1163-1164 

equipment for, 1162-1163 

Ophthalmoplegia, 882 

Ophthalmoscopy 
direct, 881 
indirect, 881 
Opiate antagonists, 917 
Opiate receptor antagonists, 580 

Opiates, 1039 

endogenous peptide, 22 

Opioids 

allergic reaction to, 1056 
cardiotoxiciry of, 1072 c 

for caustic esophageal injury, 02 

CNS toxicity of, 1067c 

for cough, 163 

for dog versus cat, 74 

gastrointestinal adverse reactions to, 1065 

mechanism of action of, 22 


MJU 




Oakland firestorm, 1235-1257 

Obesity 

in diabetes mellitus, 845 

as ECG artifact, 250 

in increased respiratory workload, 112 

in pancreatitis, 773 
Obstructive airway disease, 513 
Ohstnictive breathing patterns, 284 
Obstructive respiratory conditions, 284—285/ 
Occlusive bandages, 977 
Ocular examination, 881 
Ocular hemorrhage, 889 

Ocular petechiae, 888 

Ocular position abnormalities, 882 

Ocular trauma, 883 

Ocular tumors, 888-889 

Oculomotor nerve 

dysfunction of, 882 

lesions of, 882 
Odansetron (Zofran), 1139 

Ohm’s law, 524 

Oklahoma City bombing, 1235 
Oleander, 1053 c 
Ol iguria 

in acute renal failure, 300. 305 
early detection of, 305 

fluid therapy for, 186r 

furosemide for, 317-318 

pathologic, 300-301 

physiologic compensatory, 300 

refractory, 322 

in renal dysfunction, 763 
Oliguric renal failure 

biochemical findings in, 308t 

in ethylene glycol toxicity, 1045-1044 


tor pain management, L65 


in shock 


for peritonitis, 727 
regulatory issues of, 
for respiratory tract disorders, 6_11 

side effects of, 72-74 
specific agents, 75-77 


withholding tit, 71-72 


Optic nerve head, 881 

Optic nerve pathways, integrity of, 882 

Oral cavity 

electncal hums to, 975. 980 
impalement injuries to, 965/, 966 
Oral preparations, drug interne tions of. 

1095-1096 


Orhiul hemorrhage, 889 
Organophosphate toxicity, 1229 

Organs 

dysfunction of, events cascade in, i 


687 


failure of, 685 

inflammation of in fever, 674 

Orlowski score, 579, 5tSQ 
Ortho Mouse-B-Gon, 1109-1110 
Ortho Rat-B-Gon 

Osborn waves, 1118 

Oscillometry, 271 
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Qsmolariry, enteral diet, 209-210 

Qmorei 1M 

Osmotic diuresis 

for cerebral edema in hypothermia, 1127 

in diabetes mdlitus, 844 45 

Osmotic movement, 630 

Osmotic permeability, gastrointestinal, 41 
Osmotic pressure gradients, 63Q 
OsteochDndroma, tracheal, 606 

Osteosarcoma 

esophageal, 81 ^ 

laryngeal, 605 

tracheal 


Oxygen (03 

for acute heart failure, M3 

administered during CPR, 423 

antioxidant enzymes in metabolism of, Mf 

for arrhythmia, 486 

control of uptake, 21 

in decomposition, 24-36 

exch ft pc of, efficiency of, LQI 
extraction ratio, 2Q 

factors in hemoglobin carrying capacity 

for, 18-19 

inadequate delivery of, 700-701 

interaction with hemoglobin, 16-lb 
light reflection bv, 86 

w 1 1h low d opioids, 22 

metabolism of, 2 5 - 28. 

metabolites of, ZB 

molecules of, 25-26 

noninvasive methods of monitoring, 


fill 


Otoscope, LL iQ 

Outcome prediction, disease severity and, 


* 13-420 


Qverd istenticn 


avoidance of, LLB 
gastric, 112 

Overdose, supportive therapy for, 1084 
Overhydratton 

of acute renal failure patients, 309t 
in left heart failure, 331 

Overtubes, 1 16 
Ovine Fab products, 1Q 3 8 

Oxalic acid accumulation, 1042 

Oxicams, 1068 

Oxidant injury, 24 

antioxidant protection against, 30-35 

tree radical reactions in, 28-30 
in liver disease, 801-802 

oxidant stress in, 35-36 

oxidation reaction in, 24 
oxygen metabolism in, 2 5 - 2 S 

Oxidant stress, 15-36 


*14 


m 


pathway of, 281, 282 j 

promoting supply of, 24 

pulmonary exchange of, 13 _ L6 

tissue delivery of, 19-20. 147-148 

tissue up: i ce of, 20 

toxicity of, 150 

rransport-consumption relationship of, 

UL 

transport of, 15-21 

in ventilator patient, 106 
uptake of in ventilator patient, K & 
Oxygen (Oj)-hemoglobin saturation curve, 


Oxygen (0 2 ) saturation, 264, 291 -292 
Oxygen supplementation 

for acute respiratory distress syndrome. 


clinical conditions accompanied by, 36t 
Oxidation reaction, 24 

Oxidative metabolism, 1130 

Oxidizing agent, 24 


for aspiration pneumonitis, 599 

for d ia phragmaric hernia, 661-662 
for diffusion impairment, 2 68 

for pneumonia, 650 

for pulmonary dysfunction, 690-691 

for pulmonary edema, 639 

Oxygen tension index, 58 7 
Oxygen therapy 

airway dehydration with, LM 

for bice wounds of neck and thorax, 938 

for feline allergic airway disease, 62‘St, 


Oximetry, 86 -87 


clinical measurements of, 87-89 


in vitro, 89 


Oxygen cages, 148-149 


for pulmonary edema, 639 

Oxygen consumption, 294 

calculation of, 992 


physiology of, 990 

Oxygen content, 292 

Oxygen delivery, 293-294 

in anemia, 989, 99Q. 998 


626 


for hypoxic pulmonary hvy^extension, 535 
for projectile thoracic injury, 940 

for pulmonary contusion, 944 
for respiratory disease, 147-150. 611 

for shock or hypovolemia, 456 
for smoke inhalation, 9S7 
for snakebites, 1035 
for thermal injury, 979 

Oxygenation 




assessment of. 294-296 


to brain, 998 

calculation of, 992 
in health, 993 

in poor tissue perfusion, 994 
in shock, 473 

for whole body, 993 

Oxygen extraction ratio (OER), 20* 2If, 


for brain trauma, 914-915 


Oxygen imbalance, 
Oxygen masks, 148 


in ventilator patient, 107 

Oxygenation status, 264t 
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Oxyglobin (Biopure), 465. IQQQ-1QQ1 

for hemostasis disorders, Ml 

for immune'mediated hemolytic anemia, 

715, 716t, 219 


monitoring of, L24 

in shock, 421 
in smoke inhalation, 986 

cells, 466 

for anticoagulant rodcnticide toxicity, 

1108 

for cardiovascular dysfunction, 689 
for chronic anemia, 193 

for hemostasis disorders, 740 

for immune-mediated hemolytic anemia 

715,7161, 21? 

indications for use of, 197 
preparation of, 195-196 
selection of, 192 
Faclitaxel, 1144 

PaC0 2 , 260 

versus ETCO : values, 94 
PaCOj-ETCO; gradient, ?1t 

Pain 


Packed red Id 




Oxyhemoglobin, 86-87 


Oxyhemoglobin dissociation curve, 18. l?f, 

991/ 

in hypothermia, 1122. 1124 
shift in 


Oxyhemoglobin saturation, percent, 82 
Oxymorphone (Numorphan) 

for bum injury, 978t 

route, and frequency of, 75c 
maintaining accurate records for, 74-75 

for pain in shock, 470 

for pancreatitis, 781 

for peritonitis, 727 

properties of, 26 

vomiting with, 73-74 

Oxyphil cells, 860 
Oxytetracycline, 1092t 

Oxytocin, I092f 


in animals, 1206-1207 
anxiety and, 81 


causes of, 68-69 


clinical signs of in dog and cat, 6? 

control of, 1213-1214 

factors confounding identification of, 70 
ICU sedation/anesthesia and, 81 -85 
management of 

ethical question of, 1211-1213 
for pancreatitis, 780-781 
for poisonous lizard bite, 1020 

nonopioid analgesics for, 77-81 

opioid analgesics for, 72-77 

perception of, assessing in spinal injury, 


P-QRS-T complex, 250 

P-QRS-T deflections, abnormalities in, 24d 

P-R interval prolongation. 489 

in first-degree AV block, 505 

Pso values, 18 

factors influencing, 19i 

P waves. 244. 250 

absence of, 

activity of, 489 
in atrial fibrillation, 515 
evaluation of, 252 

in first-degree AV block, 505 
in isorhythmic atrioventricular dissocia¬ 
tion, 517 

normal for dogs and cats, 253 1 

in second-degree AV block, 506 f 
in supraventricular tachycardia, 513 

Pacemaker cells, 488 

primary and subservient, 489-490 
Pacemaker generator pouch, 233-255 


physiologic parameters in, 70 
pulmonary pharmacotherapy for, 165 

rationale for treating, 70-71 

therapeutic approach to, 21 

in veterinary ICU, 68 

withholding analgesic therapy for, 71 — 72 
Pamidronare disodium, 1111 
Pancreas 


abscess of, 781 


neoplasia of, 389 
pseudocyst of, 388 
ultrasonography of, 

Fancreatic disorders, 844-852 
Pancreatic duct disease, 22i 

Pancreatic enzymes 
activation of, 

in peritonitis, 724 

Pancreaticoduodenal vein, 388 
Pancreatitis 


Pacemaker syndrome, 235-237 


Pacemakers, 228 

battery failure in, 215 


complications of, 235-237 


electrodes in, 229 
enhanced automaticity of, 494 

postoperative care for, 230. 215 

reprogramming of, 215 
for sick sinus syndrome, 503 


surgical technique for, 210-235 


temporary cardiac pacing with, 210 

for third-degree AV block, 509 

three-letter code system to identify, 228i 


acute 

fatal, 701 

sonography for, 388 
bacterial translocation in, 781 

canine, 221 

clinical presentation of, 774-775 
diagnostic evaluation of, 775-779 

etiology of, 223 


Packed cell volume (PCV), 195, 460-461 
for abdominal trauma, 907 
tn anemia, 989 

for hemostasis disorders, 215 
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drugs &fbh toxins in, ? 7 ■■ 

infection in, 7 7 4 

nutritional Victors in, 773 
pancreatic duct disease in, 774 

trauma and ischemia in, 774 

monitoring of, 781-782 
pathogenesis of, 771-773 

prognosis for, 782 

recover in, 782 

treatment < , 77^-781 
chronically recurring, 771 
ileus with, 385 
necrotizing. 388 
pain with, 69 
radiographic evidence of 
recurrent 

Paneth cells, 41 
peptide secretion of, 4J 
I ^anhypoproteinemia 

PaOj, 260-261 

interpretation of, 262 

PaQ/FlOi. 261 
Paracrine regulators, 45 
Puriijjonimus kelhcoth, 619 

diagnosis and treatment of, 620t 

Paralysis, 406 

Paralytic drugs, surgical use of, 1213 

Paraphrasing, 1194 

Paraquat, 615 

Parasites, 712f 

Parasitic allergic airway disease, 619 

Parasitic diseases, pulmonary, 620( 

Parasitic larval migration, 618 
Parasympathetic nervous system, 

Parathyroid glands 

carcinoma of , 863-864 

cell types of, 860 

disorders of, 860-861 

cluneal presentation of, 864-865 
diagnostic evaluation of, 865- 
cpidemiology of, 863-864 

pathogenesis of, 861.-861 
prognosis for, 869 
treatment of, 867-869 
hyperplasia of, 865-667 

Parathyroid horn nc, 860 
in calcium homeostasis, 1110 

in hyperparathyroidism, 864 

serum levels of 

m hyperparathyroidism, 865 

in hypoparathyroidism, 867 

Parathyroid hormone receptors, iii 
Paraxiphoid-transdiaphragmatic approach 


additives for, I S 5-187 
for hypomagnesemia, 1 87 

potassium supplementation in, 316 

Parenteral nutrition, 212 

administration of, 205 - 206 

complications of, 65* 213-216 
delivery of, 64-65, 213 

formulation for, 213 

goat and benefits of, 204 - 205 
indications for, 206/ 

partial, 2 12 

worksheet tor, 214 £ 

pe n phoa 1, 


total, 64-65. 212-2H 


for peritonitis, 7/9 

worksheet for, 215 f 

Parenteral route, 1085-1086 

Paresis, 406 

Parham band, 1 58f 

Parietal cells, 40 
Paroxysmal tachycardia, 253 

Parsons, Ta Icon, 1211 

Partial pis pressures, 22 
Partial thromboplastin time, increased, 
Parvovirus, 35 3 
Parvovirus enteritis 

in hemorrhagic diarrhea, 765 
ileus with, 385 
prognosis fin, 269 
Pass-over humidifier, 161 

^asteurella 


isolates obtained from small animals, 

6971 

mukodda, 938 

Pathology laboratory services, 1155 
Patient-adjusted ventilation, 99 

I ’atient comfcm, 1212-1213 

Patient focus, 

Patient history, 240f 

Patient preparation, surgical, 1161 

Fc.ik airway pressure, IQS 
Peak inspiratory pressure, 1 iV 

Fediatric Risk of Mortality (PRISM) system, 


7 


Pediatrician Model, 1205, 1210-1212. 1215 

Pelvic limb reflexes, 922 
Pelvic lumen, 374 

Pelvic ma turnons 

in intestinal obstruction, 8 1 9. 

treatment of, 833 

I ’enetrating injuries 

to abdomen, 903, 907 

in hemothorax. 6 8 

to neck and thorax, 937-940 
pneumothorax with, 946-947 
thoracic, 655 

Penetrating wounds 

clinical questions for, 95fl 

common types v, 952 

clef ration d, 95 

diagnostic tests for, 95 8 


Parenchymal disease, cl ironic progressive 


124 


Parenchymal echo intensity, 4 64- 36 5 
Parenchymal hematoma, 4041 
Parenchymal injury, 101 

Parenteral fluid therapy, 1 HO — IS! 

for acute renal failure, 1 1 1 
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Penetrating wounds (continued) 

factors influencing severity of, 957-958 
management of, 959-972 
from projectiles, 967-972 
Penicillin 

allergic reaction to, 1056 

for bite wounds, 963 

drug interactions of, 1089e 

for liver disease, 800-801 

for respiratory tract infections, 611 

for shock, 4711 

Penicillin 43 

drug interactions of, i092t 
for severe liver disease, 7981 

Penrose drain 

for arrow wound, 92, 

for bite wounds, 962 

Pentobarbital 
for brain trauma, 917 

drug interactions of, I092f 
for seizures, 876-878 

for severe liver disease, 7971 
for status epileptic us, 82 7t 

Pepcid, 122 

Pepsinogen-secreting cells, 40 

Pept ides 

antibiotic, 43 

in mucosal barrier function, 42-43 
Percussion 


Pericardiocentesis 

for pericardial effusion, 546. 548 

pericardial effusion imaging before, 146 

showing inflammatory exudate, 363/ 
Pericarditis, 541 
Pericardium 

disorders of, 540-541 
fibrous, 540 
function of, 540. 542 

histology of, 540 
parietal, 540 
visceral, 540 

Perimicrovascular interstitium, 612 

Peripancreatic effusion, 388 

Peripheral intravenous catheterization, 58 

catheter maintenance and insertion site 


complications of, 60-61 

selecting catheter for, 59 

selecting vein for, 59 

venous eutdown procedures in, 6J 

Peripheral resistance units (I ’RUs), 1 1-12 
Peristalsis 

absence of, 384 


drug absorption and, 1085 


Peritoneal cavity, serosal membrane of, 724 

Peritoneal dialysis, 1047 

Peritoneal effusion, 337 / 

Peritoneal fluid 


in chest physiotherapy, 160-161 

for pneumonia, 647 
Percutaneous arterial hie 


abnormalities in, 726 
normal, 726r 

Peritoneal lavage 

for hypothermia. 

technique for, 726c 

Peritoneography, positive contrast, 661 

Peritoneum 
abnormalities of, 362 

fluid drainage from in peritonitis, 228 

Peritonitis 

with abdominal trauma, 906t 

chemical, 724* 725. 726 

clinical presentation of, J25 

definition of, 724 

diagnosis of 

feline infectious 

in gastric outflow obstruction, 825 

with intestinal obstruction, 833 
pain with, 69 

pathogenesis and epidemiology of, 724 


. J 


gas sampling, 


lit 


Percutaneous ga s tro s tomy tube feeding, 321 

Percutaneous needle biopsy, 796 

Peril uoroc a rbons, 589 

Perfluroisobutylene, 1230t 
Perfusion failure, 444-445 

Perfusion pressure, 2 

blood flow and, 8 

Pericardectomy, 542 


suhphremc, 144-145 


Pericardial effusion, 540 
clinical findings in, 

diagnostic studies of, 544-546 

echocardiographic features of. 


epidemiology of, 540-541 


hepatic scan for, 363 / 

pathophysiology of, 542 


125 


prognosis in 

therapy for. 

Pericardial fluid 

accumulation of, pressure-volume curve 

showing, 543 / 

electrical altemans in, 545 f 

excessive, cardiac function and, 145 

Pericardial hemorrhage, 541 
Pericardial pressure, 542 

Pericardial sac tumors, 346 
Pericardial window, 144-145 

Pericaidiectomy, 548 


prognosis of, 729 

septic, 724-725. 726 

risk of, 697 

treatment of, 728 
septic bile, 802 

treatment of, 

Peroxidase enzyme, 32 

Peroxidation, 29-30 

Peroxinitrite, 30 

Peroxy radical, O 2 -centered, 30 
Personal ethics, 1207 
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for pulmonary edema, MO 

fbr srool c ini dation, 987 

Phospholipase A 2 

inhibition of in feline allergic airway dis 


Peyer’s patches, 1 IS 

Phagocytosis, 7 ’ 7 1 

Pharmacodynamic drug interactions, 1100 

1101 

Pharmacokinetic drug interactions, L 

Pharmacy, 1153-1154 

Pharyngitis, ventilator-related, LLO 

Pharynx 

bite wounds to, 962-96 

hematoma of, 604 

impalement injuries to, 964 /, %6 

swelling i <f, nebu It ration for, lii3 

Phenacettn, 1051 1 

Phenobarbiral 

CNS toxicity of, 106 t 

drug interactions of, 1092 1 
for epilepsy, 873 

half-life of, 1084 

hematologic disturbances with, 107Or 

hepatotoxic drugs and, 1098 

hepatotoxicity of, 1062 
leukopenia with, 1070 

for seizures, 875-876. 678 

f<>r severe tr er ch-eav;, 797t 

for status epilepticus, 877t 

for strychnine poisoning, 1114 

Phenothiazine 

adverse reactions to, treatment of, 1055c 

cardiotoxiciry of, 1072 c 

for chemotherapy-induced G1 toxicity, 

1138-1139 

CNS toxicity of, 1067r 

derivatives of, adverse dermatologic reac¬ 
tions of, 1069t 

seizures with, 1065 

Phen<ixybenzamrne, 840 

Phenylbutazone 

bone marrow suppression with, 1070 

hematologic disturbances with, 1070t 
increasing sensitivity to vitamin K rodenti 

cide, 1109t 


625 


kllflQ 




serum levels of in pancreatitis, 778 

in snake venom, 1027 

Phosphorous rodemicide, 1106 
I hosphorus excretion, 860 
Photons, M 

Physical examination, 240 t 

Physiologic parameters, 1147-1148 

pain-induced changes in, ZQ 
Physiologic saline, 181 
Physiol review 
cardi< > vase ular« 1-13 

of respiratory gas transport, 15-2 3 

Physiotherapy 

for aspiration pneumonitis, 600 

for pneumonia, 651 
in respiratory care, 160-161 

for smoke inhalation, 987 

Fhysostigmine 

for adverse drug reactions, 105It, 1054c 

for CNS toxicity, 1065 

Phyronadione, 1092 1 

Picrotoxin 

for adverse drug reactions, 1054c 

for CNS toxicity, 1065 
Piezo-electric crystal, 228-229 

Pigtail catheter, 158 

Piloerection, 1116 

Pimobcndan, 561 

Pit vipers, 1023, 1026, 1029 

antivenin for, 1036 

constricting venom spread from, 1034 

venoms of, 1026, 1027-1028 
Pituitary glands 

m heatpn luction. 111? 
tumors of, 404 

transverse MR1 of, 405/ 

P1VKA test. See Proteins induced by vitamin 

K absence test 


Phenylephrine 

in defibrilb tion, 440 
drug interactions of, 1092c 

for sepsis support, 705r 

Phenytoin 

adverse dermatologic reactions of, 1069i 

drug interactions of, 1092c 

for seizures, 876 

for status epilepticus, 877 r 

Pheochromoci toma, 635 

clinical presentation of, 837. 838t 

diagnostic evaluation of, 840 
epidemiology of, 8.36 
pathogenesis ot*, 8 1 o 

prognosis for, 843 
treatment of, 840-841 
Phlebotomy, 537 
Phosgene, 1229 

Plios. udes, 1114-1115 

Phosphodiesterase inhibitors 


Plague, 12 32 1 

Pi an i metric measurement, tracheal, 610-611 

Plant material 

migrating fragments in penetrating 

wounds, 966-967 

retained from penetrating injury, 958 
Plasma 

administration cP, 199 
antioxidants in, 35 

for fluid replacement, 184-185 

osmolality of, 166 

potassium levels of in hypothermia, 1120- 

1121 

pretransfusion preparation of, 196 
stored, 196c 

for thermal injury , 979 

types of, 196r 

volume 01 in resuscitation, 468 
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Plasma OO 2 solubility, 21 
Plasma drug concentration (PDC), 1061 
dosing regimen and* 1082-1083 

Plasma membranes, action potent tab across 


Pleural space 

lesions of, 655 

traumatic damage to, 945-951 

Pleuri lesis, 145 
Pn e u moc 1 > 1* > nqgraph y 

indications for, 329 
for intestinal obstruction, 338 
Ptietn v ytes, type II, 585 
Pneu moqastrography, contrast, 328 

Pneumomediastinum, 816 

esophageal perforation in, 813 

Pneumonia. See oho Aspiration pneumonia 
allergic, 645.Set* also Allergic airway dis- 


51 


Plasma protease inhibitors 

in defense against autodigestion, 772 
overwhelmed in pancreatitis, 77 3 
Plasma protein 
allergic reaction to, 201 

buffering capacity of, 22 

for shock, 463 

Plasma soluble oxygen, 16-17 
Plusua transfusions 

for adverse drug reactions, 10521 

intraosseous administration of, 62 

for liver disease. 746 
for pancreatitis, 779-780 

Plasma volume expanders, 48 c 
Plasma volume expansion, 461 

Pinnae ytoma 
gastric, 62 1 
trad I, 606 

Plasmapheresis 

for immure mediated hemolytic anemia, 


aspiration, 644 

radiograph of, 339/ 
bacterial, 567, 64 K 647, 648r 

with brain injury, 918 
clinical presentation of, 647 
definition of, 641 

diagnostic evaluation of, 
epidemiology of, 646- 647 

ETCCb trends indicating, 94 

fungal, 644, 648c, 650 
nusocomial, 677 


715 


pathogenesis of, c>43-645 


for myasthenia gravis, 897r 

tor thyroid storm, 858 
Plasm in, 733 
Plasminogen, 733 

Platelet-activating factor antagonists, 7051 
Platdet c(meentrat es, 198-199 

Platelet count 

for hem**s|.uic defects, 737 

in severe liver disease, 792 
Platelet cyclooxygenase inhibition, 746 
Platelet function defects 

management of in hemostatic disorders, 


prognosis of, 652-653 
radiology evaluation of, 334 

sepsis risk with, 692 

smoke inhalation, 645 

treatment of, 650-652 

ventilator-acquired, 110—111 
viral 




Pneumopericardiography, 545 
Pnet 1 mopentoneum, 906r 

Pneumothorax 

in brain trauma, 914 

clinical presentation of, 656, 946-947 

closed, 334, 656, 945-946 

controlled partial, 140 

diagnostic evaluation of, 656-657, 947 
with diaphragmatic hernia, 659. 662 
emergency treatment of, 657-658 
epidemiology of, 656, 945 
with flail chest, 665 

high thoracic impedence due to, 436 

with migrating porcupine quilb, 966, 

967/ 

open, 334, 656, 936, 945 

emencency treatment of, 658 

pathogenesis of, 656 

pathophysiology of, 946 

prognosis for, 658, 949 
radiograph of, 336 f 

radiologic evaluation for, 334-335 

tension, 656 

emergency treatment of, 657, 658 

with thoracic trauma, 235 

with thoracoscopy, 1.46 

treatment of. 947-948 

I fo 1 kilocytosis, 192 


744 


treatment of, 744 

Platelet-rich plasma (PRP), 196 

indications for use of, 198-199 
Platelet transfusion, 1223 

for hemostasis disorders, 740 
for thrombocyte 'cda, 74 5 
Platelets, . 3 

adhesion of, 7 '• 1 

drugs adversely affect I tg, 742 1 

morphology of, 737 

preparation and storage of, 196-197 

sequestration of, 741 

Plethysmography, 87 

factors influencing, 88-89 
Pleural cavity 

drainage of for hemothorax, 659 

pathology of, 225 

Pleural elf is ion, 3 34 

Pleural fluid, 112 

Pleural irrigation, 1126 

Pleural'pulmonary coupling disruption. 
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Point of care testing (POCT), FIckxJ gases, 


Potassium 


158 


balance of, 1 ■ 

for diabetic ketoacidosis, 847-849 

in ECG abnormalities, 253 

for liver disease, 


Pc limit lie eq" a (i on, fi 

Poiseuille rviaticffiship, 524, 526 

Poison control center, contact number for, 

1154 

Poison resources, 1074c 

Polya mines, 45 

Polycythemia, 528 

dissolved O; content and, 292 

ocular manifestations of, 888 

Polydipsia, 845 

Polymethylmethacrylate (PMMA) bridging 

pre- and postsurgical radiographs of, 

931/ 

for vertebral fracture/luxation, 928. 929 / 
Polymixin, 1056 

Polyp snare, 115-118 

in gastric foreign body removal, 126 
Polypectomy snares, 116 

Polysorbate 80, hypersensitivity reaction to, 

1144 

Polyunsaturated fatty acids (PUFAs) 
long-chain, 210 

oxidative decomposition of, 29-30 
vitamin E and, 34 

Polyuria 

in diabetes mellitus, 84" 

fluid replacement for, 182, I86f 

Ifolyunc renal failure, 308l 
Polyvalent antivenin, 1036 

Porcupine quills, 966 

migrating, 966, %7/ 

Portal hypertension 
with ligation of shunting vessel, 81Q 
in liver disease, 790-791 
Portal veins, 363 

abdominal sonography of, 389 
E ras sterna shunts, 805 

clinical presentation of, 806 

diagnostic evaluation of, 806 - - 80S 
drug distribution and, 106? 
emergency MR! for, 411 
epidemiology and path»f*hy*io|iigy of. 

80S-806 

prognosis for, 811 

in severe liver disease, 768 
treatment of, 808-81 0 

Positional radiography, 330 

Positive end'expiratory pressure (PEEP), 

103-104 

in conventional mechanical ventilation, 


lie alkalosis, 824-825 


in meta 

monitoring levels of in acute renal failure, 

314-316 

urinary losses of, 168 

Potassium bromide 


■1 


for epilepsy, 873 


for seizures, 875 , 878 


for severe liver disea^:, 797 i 

Potassium chlor ic 


for adverse drug reactions, I053t 

drug interactions of, 1092c 

guidelines for IV supplementation of, I85f 

in parenteral fluids, 185-167 
Potassium hydroxide, 130 
Povidone-iodine (Berndine) 
for bite wounds, 961 

for bum injury, >77 
Power of attorney, 1218-1220 

sample of, 122It 

PR interval, 250 

normal for dogs and cats, 253 1 
Prairie rattlesnake, strike posture of, 1024/ 
Pralidoxime chloride 
for adverse drug reactions, 1052c 

drug interactions of, I092r 

Preanesthetic agents, 1160 

Preanesthetic examination, 1159 
Precordial chest leads, 244 

unipolar, 2451 

Pret ifdial thump, 511 
Predn isolane 

for hyperadrenocorticism, 84 c 

for immune-n 3 lated b' nohtic anemia, 

716c t 219 

for insect stings, 1C 19 
for insulinoma, 851 852 

Prednisone 

advene dermatologic reactions of, 1069i 

doses of for respiratory diseases, 612c 

for hypoadrenocorticism, 84It 
for myasthenia gtavis, 697c, 898 
for spinal injury, 927 

for thrombocytopenia, 743-744 

Pregnancy 

canine, 389-393 

drug disposition changes during, 1085 
feline, 393 

sonography during, 389-391 

Preload, 2 
reduced, 110 

in shock, 4 2 
in stroke volume. 276 

Preload-dependent regulation 

Premature ventricular contractions (PVCs) 
clinical presen tation of , 491 

diagnostic evaluation of, 492 


m 


hiifo. with him tidal volume, 105 

for near drowning victims, 580 
in wean ing, 110 

Positive pressure ventilation, 97 
gastrointestinal function with, Lll 
Postoperative care, thoracoscopy, 146 146 
Post resuscitation injury, 475 
Postural drainage, 160 
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Premature ventricular contractions (con¬ 
tinual) 

ECG findings in, 492 
pathogenesis of, 490-491 

prognosis of, 493 

treatment of, 492-493 

Pressure autoregulation, 912 
Pressure gradient, 10 
Pressure support ventilation, 102-103 
Pressure-targeted breaths, 97 
Pressure'targeted ventilation 

advantages of, 100-101 
disadvantages of, LQ1 

I:E ratio in, 106 

Pressure-volume curve, 2, 

Prilosec. See Omeprazole \ Prilosec) 

Primidone, 1098 

Problem-oriented veterinary medical record 

(PVOMR) format, 1151-1153 


dose and frequency of, 781 

drug interactions of, 1093t 

in ICU sedation/anesthesia, 82-83 

for portosystemic shunt, 808. 81Q 

for seizures, 876 

for severe liver disease, 7971 
for status epilepticus, 877r 
for vomiting, 23 

Propranolol (Inderal) 

for adverse drug reactions, 1053t 

adverse effects of, 1049 
for atrial fibrillation, 516 

drug interactions of, 1093t 

for hypertrophic cardiomyopathy, 562 

in IV solutions, 1094 

for myocardial injury, 1009 
for pheochromocytoma, 840 

for PVCs, m 

receptors mediating, 551 

for supraventricular tachycardia, 5J4 

for thyroid storm, 857 

for traumatic myocarditis, 668 

Propylthiouracil 

hematologic disturbances with, 1070t 

for thyroid storm, 858 

Prostacyclin, 42 
Prostaglandin E t( 1060 

Prostaglandin E;, 12 

Prostagland ins 

analogues of for aminoglycoside toxicity, 

1059 

antagonists of, 580 

drugs impairing renal synthesis of, 1101 

in G1 epithelial restitution, 45 

in inflammatory cascade, 29 

inhibition of, 681 

in mucosal barrier, 42 

Prostate 


Procainamide 


for cardiotoxtcity, 1023 

drug interactions of, 10921 
for myocardial injury, 1008-1009 
in pancreatitis, 773 

for supraventricular tachycardia, 514 

for traumatic myocarditis, 668 
for ventricular tachycardia, 487, 519 

Procaine, 10921 

Prochlorperazine, 1092t 

Prod rugs, 1098 

Professional ethics, 1207-1215 

Progressist polycystic renal disease, 375 
Proinflammatory agents, 44 
Proinflammatory cytokines, 686-687 

in acute respiratory distress syndrome, 

580-581 

Proinflammatory mediators 

antt-inflammatory mediators and, 580 

balanced with anti-inflammatory media 

tors, 696 / 


ordinal ultrasonography of, 


L 1 




ahscesses of, 395 


neoplasia of, 395 
normal shape of, 394 
Prostatic hypertrophy, benign, 393 
Prostatitis 


in SIRS, 698 

Projectile injury, 967-972 

thoracic 


clinical presentation of, 939-940 

epidemiology of, 938 

pathophysiology of, 939 
prognosis for, 940 
treatment of, 940 

tissue effects of, 957 

Projectiles 

high velocity, 968 

lower velocity, 968 

removal of, 970 

Prokinetic drugs, 819-820 

Promazine, 1092c 

Promethazine, I092t 

Pro-oxidants, 11 
vitamin C as, 34-35 

Propagation reaction, 30 
Propofol 

for but* wounds of neck and thorax, 938 


Protamine sulfate, 105 3 c 
Protein 

binding of, 1082 
drug distribution and, 1087 
drug interactions affecting, 1097 

breakdown of in stress starvation, 203 

catabolism of, 202 

in enteral formulations, 210 

metabolism of 

in cancer cathexia, 222-223 
in liver disease, 789 
requirements for, 206-207 

Protein-bound drugs, 1096t 

Protein C, 733 

Protein hydrolysate, 1093c 
Protein kinase A (PKA), 50 

Protein kinase G pathway, 52 
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clinical presentation of, 943 
diagnostic evaluation of, 943-944 
epidemiology of, 942 
with flail che 665 
pathophysiology of, 942-943 

prognosis for, 945 
treatment oh 944-945 
Pulmonary dysfunction, 690-691 

Pulmonary edema, 476 

causes of in do^s and cats, 634 1 

clinical presentation of, 

definition of, 622 

diagnostic testing for, 63 7-63d 

with diaphragmatic hernia, 662 
differential dia >sis of. Si? 

with electrical injury, 976-977, 981 

epidemiology and etiology of, 63 3 -635 

ETOOz trends indicating, 94 

historical kfc Icatovs 636 
with near drowning, 577 
neurogenic, 615 
with oral electrical bums, 975 

physiology and pathophysiology of fluid 

balance in, 630-633 


Protein S, 73 3 
Protein sparing, 202 

Proteins induced b> vitamin K absence rest, 


738 


for anticoagulant rodenticide toxicity, 

no? 

for severe liver disease, 794 

for vitamin K deficiency, 745 
Proteolytic enzymes, 673 

Prothrombin time ' T), 46$ 

i ■: icmostatic defects, 738 

m pancreatitis, 778-779 

Proton pump blockers, 322 
1 Yoron pump inhibitors 
for esophageal disorders, .818 
for gastric mucosal injury, 121 
for gastric outflow obstruction, 826 

for NSAID-induced GI ulceration, 1064 

Proto-oncogenes, mutations in, $6 

Protozoal disease, 7H7 

Prozac. See Fluoxetine (Prozuc) 

Pseudoairway, . 

Pseudo hyperparathyroidism, 862 

differential diagnosis of, 

Pseudomonas 

in pneumonia, 64 3 
tracheobronchitis, 611-612 
PSV, synchronized, 109 

Prvalism, 806 

PtJFAs. See Polyunsaturated fatty acids 

(PUFAs) 

Pulmonary adenocarcinoma, 335/ 

Pillule i;uy alveolus, 15 

Pulmonary artery 

dilation of in pulmonary hypertension. 




*;•;* 


prognosis of, 640-641 


resolution of, l’ ? ? 

with smoke inhalation, 983 


toxins in, 635 

transvascular fluid exchange and, 629-630 

treatment of, t 640 
Pulmonary embolism, 92 / 

Pulmonary fibrosis, 974 

Pulmonary fluid balance, 630-633 

Pulmonary function 

monitoring of in acute respiratory distress 

syndrome, ft? 


530 


width of, 357/ 

Pulmonary artery catheter, 26d 
Pulmonary artery pressure (PAP), 27$ 
diastolic ami systolic, 274 f 

excessive with volume-targeted ventila¬ 
tion, im 

during pulmonary arterial infusion of ace 

tylcholine, 528/ 

in pulmonary edema, 640 

in pulmonary hypertension, 524, 526 
recruitment and distension in, 525/ 

systolic, 358/ 

Pulmonary aspiration, 211-212 
Pulmonary blood flow, 16 

increased, 529 

profile of in pulmonary hypertension, 

358-359 

Pulmonary capillary pressure, increasing, 


Pulmonary gas exchange, 15-16 

assessment of, 289-291 


impaired, 287-289 


mechanisms of, 267 
optimizing, 98 

Pulmonary hemorrhage, 582 


Pulmonary hygiene, 152=153 


Pulmonary hypertension, 524 
cardiac manifestations of, 529 

in cot pulmonale, 529 

definition of, 524 

diagnosis of, 530-533 

echocardiography of, 356-359 
with elevated left amal pressure, 538 

hypoxic 

pathophysiologic causes of, 526 r 

pathopli v iology of, 525-529 

physical findings in, $30 

physiology in, 524-52 

pulmonary arterial and systemic arterial 

pressures in, 528/ 

in pulmonary overcirculation, 537-538 

radiologic evaluation for, 333-334 
throtnboembolism. 5 35-537 


Pulmonary capillary wedge pressure, 4. 275 


HI 


measurement <4. Ill 

Pulmonary circuits, 1, Z 
Pulmonary contusions 

in brain trauma, 914 
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Pulmonary hypertension syndromes, 53J 538 
Pulmonary hypoperfusion, 22/ 

Pulmonary infiltrates with eosinophils (PIE), 

617 . 618 , 619-621 

Pulmonary inflammation, 591-601 
i^uli lOnary injury, 655 
strategies to reduce, 104-106 

Pulmonary interstitial fibrosis, 288 
Pulmonary intern it ium, 65C-611 

Pulmonary mechanics, 108 

Pulmonary microvascular endothelium, 631 
Pulmonary overcirculation, 537 

causes of, 522 

in pulmonary vascular remodeling, 527- 


Puncture wounds 

from small predator bites, 959 
temporary care for, 961 

wound care for, 962 

Pupillary abnormalities, 832 

Pupillary light: reflexes, 881 

absence of, 881-882 

positive, 881 
Pupils 

asymmetry* * if* 882 

size and symmetry of, 881 
Purkinje fibers, 242 
Putrescine, 15 

: telegraphy 

excretory, 330 
intravenous, 958 

Pyelonephritis, ^75 

Pyloric circular smooth muscle hypertrophy, 


529 


treatment of, 

Pulmonary overinflation, 110-111 
Pulmonary parasitic diseases, 620t 

Pulmonary parenchymal puncture, 146 

Pulmonary pharmacotherapy, 164t 

Pulmonary thromboemholism, 331, 528 




Pyloric gaitrepathy, chronic hypertrophic, 

822-823 

epidemiology of, 825 
Pyloric stenosis 

in cats, 823 

congenital, 8 - _ . 825 

Pylorus 

abnormalities of, 822 

anatomic changes in, 822-825 

closing of with gastric distention, 117-118 

hypertrophy of, 826 

obstruction of, 186c 

P vogranul omatous inflammatory cell infil- 


with abnormal hemostasis, 7H 
differential diagnosis of, 5S7. 6 IS 

in diffusion impairment 

ETCOj trends indicating, 94 
in pulmonary hypertension, 1 *5 

Pulmonary tissue expansion, 16 

Pulmonry toxicity 

chemotherapy'induced, 1144-1145 
of therapeutic drugs, 1073-1074 

Pulmonary toxins, 1230t 

Pulmonary vascular occlusion, 328 

Pulmonary vascular remodeling, 527-528 

in hypoxic pulmonary hypertension, 533 
pulmonary overcirculation in, 529 

Pulmonary vascular resistance, 524 

increase 1, 

low, 525/ 

tn pulmonary artery pressure, 775 
Pulnu >nary vas< k 1 >nstrict ion, 

Pulmonary venous distention, 565 1 
Uinomc valve insufficiency 
in pulmonary hypertension, 532 
in right heart failure, 312 

Pulsatile capillary blood flow, 87-89 

Pulse oximeter waveform, 88 / 

Pulse oximetry, 87-89, 293 

factors influencing, 88—89 
interpretation of in brain trauma, 9H 


Pyometra 

diagnosis of, 

sonographic diagnosis of, 394 

Pyrethrins, 1055c 
Pyre thro ids, 1055c 
Pyridostigmine, 897t, 698 


Q fever, 1233f 

Q-T interval, long, 490 
Q wave, 250 

QRS complex 

in accelerated idioventricular rhythm, 494 
in atrial fibrillation, 515 

in atrial standstill, 502 

in dilated cardiomyopathy, 557 
evaluation of, 252 

low-voltage, obesity-related, 250 

normal for Jogs and cats, 253i 
in restrictive cardiomyopathy, 570 


915 


measurement sites for, 88 

probe placement in, 88 
Pulseless electrical activity (PEA), 509 
clinical presentation of, 510 
diagnostic ev il at on, 510 

EGG findings in, 510 

pathogenesis of, 310 

progn< >sis of, 510 

treatment o f, 510 

vagal tone ami 


in second-degree AV block, 506f, 507 


in supraventricular tachycardia, 513 

in third-degree AV block, 508-509 

QRS deflection, 254 

QRS notching, 250 

1 1 1 complex, 489 

in first-degree AV block, 505 

following pacemaker spikes, 235 
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in isorhythmic atrioventricular dissocia¬ 
tion, 51 ? 

in second-decree AV block, 506/ 

in supraventricular tachycardia, 512 

1ST conformation, 422 
' I ; S wave, 254 
JS wave, 250 

QT intervals 

electrolyte imbalance and, 253 

normal for dogs and cats, 2531 
Questions, open-ended, 1194 

Quinidine 

adverse dermatologic reaction of, 1069t 

affecting drug distribution, 109? 

for atria! fibrillation, 516 

increasing sensitivity to vitamin K rodenti- 

cide, 1109t 


for electrical injury, 976-977 

in esophageal disorders, tLL6 

film-screen system in, 325 

for gastric dilatation'volvulus, 158 

for gastric foreign bodies, 125-126 

tor gastric outflow obstruction, 826 

general, 325-326 

of GI foreign bodies, 118-119 
for gunshot wound, 969 
of hair ball foreign body, 124/ 
horizontal-beam views of, 330 
for hypertrophic cardiomyopathy, 

imaging log for, 1157 

for immune-mediated hemolytic anemia, 


m 


indications for, 326 

for intestinal obstructions, 8 1 0-8 3 1 

for intrathoracic tracheal rupture, 941 

tor multiorgan failure, 688 

for myasthenia gravis, 894-895 

oblique views of, 330 

opposite Lateral views of, 330 

for pancreatitis, 776 
for penetrating wounds, 958 

for pericardial effusion, 545 

for peritonitis, 726-727 

for pneumonia, 

for pneumothorax, 656-657, 947 

for portosystemic shunt, v‘ 7 

positional, 330 

positioning devices for, 1158 
processing film in, 115 7 

for pulmonary contusion, 943 

for pulmonary edema, 6 } 7 -638 

for pulmonary hypertension, 530, 531/, 

532/ 

for respiratory trauma, 937 

for restrictive cardiomyopathy, 370 

sedation in, 1159 

in severe liver disease, 794-795 

in smoke inhalation, 986 

for spinal injury, 923, 924 

technical skills in, 325-326 

Radiok ., 

of abdomen 

for acute heart failure, 482 

of critical care patient, 325-340 

for feline allergic airway disease, 623 
muscukskeletal, 340 

of skull and spine, 339-340 
of thorax, 331-335 

Radionuclide ventriculography, 1008 

Rampage, 1109-1110 


for FVCs, 493 

for supraventricular tachycardia, 514 
for ventricula r tachycardia, 519 

Qutnolones 

CNS toxicity of, 1067t 

m enzyme inhibition, 1098 
floor mated, £11 

in IV solutions, 1094 
Quintox, 1109-1110 


R on T phenomenon, 8- 

R-R interval 

in atrial fibrillation, 5!5 

in PVCs f 492 

in supraventricular tachycardia, 513 
R wave, 250 

Radiation hums, 1234 

Radiation exposure, 1229-1235 
treatment of, 1234-1235 
type and sources of, 1234 
Radical-radical reaction, 30 
Radioactive labeled microsphere perfusion 

studies, 1005-1006 

Radioallergosorbent (RAST) testing, 623 
Radiocontrast agents, 1060 
allergic reaction to, 1056 

Radiograph machine, 1157-1158 

Radiographic equipment, 1148 

inspection of, 1157 

monitoring exposure levels from, 1156 
Radiographic exposure chart, 1158 
Radiographic view box, 1150, 1158 
Radiography 

in acute respiratory distress syndrome, 


for arrow wound, 972 
for aspiration pneumonitis, 
for bite w ounds of neck and thorax, 938 

of chest drain placement, 157-160 

clinical skills in, 326 

contrast, 327-330, 339, 382. H3l 

for diaphragmatic hernia, 660-661, 951 

for dilated cardiomyopathy, 557 

BCG with, 240t 


Rancidity, 29-3Q 


Ranitidine (Zantac), 122 

for aspiration pneumonitis prevention, 598 
for coagulopathy in liver disease, 800 
for gastric motility din 827 

for gastric mucosal injury, 122 
for gastric outflow obstruction, 826 
hematologic disturbances with, 1070c 
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Ranitidine (Zantac) (continued) 

in pancreatitis, 7?3 
receptors media ting, 551 

for uremic gastrointestinal disorders, 321 

Rat-tooth forceps, 1) ’ 

in gasrric foreign body removal, 12o 

Rattlesnake bites, 1029. 1032 
antivenin for, 1036, 1037 

diagnosis of, 10 ^2—1033 

facial swelling following, 103 
prognosis for, 1039 

type III echinocytosis with, 1033/ 

Rattlesnakes 

strike posture of, 1024/ 
venom of, 1027 

RBC coating, 710 

Rebleeding, 7 / ‘_■ 7 

Receiver operating characteristic (ROC) 

curves, 41 

Receptor homedimer, 52 

Receptor tyrosine kinases (RTKs), 51-52 
Receptors 


Referral network, building, 1202c 

Referral techniques, 1203r 

Referrals, 1201-1202 
Reflex vasoconstriction, 916 

Refrigeration, prolonging drug shelf life, 

1088-1094 


Reglan, 1138 

Regulation, opioid, 4-75 
Regurgitant tlow velocity, 351/ 

Regurgitation, 815-816 

Renal afferent arterioles, 167 
Renal blood flow, 1082 
drug excretion and, 1088 
reduced with mechanical ventilation. 111 

Renal calculus 
diagnosis 175 

rac jpaque, 376/ 

Renal cortex, 37- : 

Renal disease, acute 
Renal excretion, 1082 

drugs affecting 

Renal failure 


classes of, 48-54 


ac ut e 


data and, 54-57 


clinical presentation of, 303 

monitoring of, 
nonoliguric, 301 - 303 

oliguric, 300-301 
overhydration in, 309 1 

pathophysiology of, 
prevention of, 691 

prognosis for, 323 

sonograms for, 3 70 - 377 


down-regular ion of, 54 

. r - it ion of, 55r 

phosphorylation of, 54 

physiology of, 47 57 

regulation of, 54 

sequence mutations of, 54-55 

Record keeping system, 1150 

Rectal administration, 1085-1086 

Rectal temperature 

in hypothermia, 

measurement of, 671-672 

Red blood cell antibodies, 710 

testing for, Ill 

Red blood cell fluid support, 716r 
Red bl< 

Red blood cell products, 192 

Red blood cell transfusion 


therapy for, 310-322. £231 


typical prohle with, 306-307 1 

with acute tumor lysis syndrome, 721 
biochemical findings in, 3081 
causes of, 338 


chronic 

sonograms for, 378 

typical profile with, 306-^071 

fluid therapy for, 186f 

in heatstroke, 1131 

with immune • mediated hemolytic anemia, 

716, 718 

Life-threatening clinical findings in, 3031 
Renal function, LLL 
Renal insufficiency, 721 

Renal neoplasia, 375 
Renal pyramids, 374 

Ren in-angiotensin-aldosterone system, 167 

activation of. 111. LI4 
in anemia, 993 

in blood pressure responses 

Renin secretion, 167 

Reoxygenation injury, 444-4 - 
Reperfusion injury, 26-27. 475 
in gastric dilatation-volvulus, 759 
in mucosal barrier disruption, 41-44 

Repetitive nerve stimulation, 

Repitle envenomations 

clinical presentation of, 1030-1032 


cell membrane, coating of, L59 




for anemia 

determining need tor, 
trigger for 

Red blood cells 

administration i f, 19** 

agg lut inat it m of, LS3 

antigenic nature of, 189-19Q 
carbonic anhydrase in cytoplasm of, 12 
defects of in hemolytic anemia, 712r 
v lest n ic t ton « 4 , 710 
drug imeractions of, 1089r 

malfunction of, 1070-1071 

warming of, 199 

Red spectrum wavelengths, 69 
Red squill, 1106 

Redox reaction, 24 
Reduc mg agent, 2 i 

Reduction reaction, 24 


Refeed mg syndrome, 214-216 
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diagnostic evaluation of, 1032-1033 

epidemiology of, 1025-1030 

identification of, 

prognosis for, 1039 
treatment of, 1033-1039 


Qj delivery in, 293-296 


O? pathway in, 20 

O z saturation and content in, 291-295 
pulmonary gas exchange in, 28?-2 ( M 
upper conducting elements of, 15 

in ventilation, 281-287 


Repolarization, 241-242 


Respiratory work, 284-285/ 


schematic drawings of, 243/ 

Research animals, 1209 

ethical treatment of, 1211 

Residents, 1172-1174 

Resistive index, 376-377 1 

Respiration, 1119 

Respiration, alertness, and perfusion (RAP) 

assessment, 1240, 1242 


excessive, 284 

Respiratory workload, increased, L12 


Respirometer, 284, 286/ 


Responsive elements, 53 
Resting energy expenditure, 219-220 
Resting energy requirements, 206 
Restitution, gastrointestinal mucosal, 45 
Restrictive cardiomyopathy, feline, 568 

. nicil ;>n < n tat ion of 

etiology and pathophysiology of, 568-569 
prognosis of, 572 

therapy for, 522 
Restrictive pulmonary disease 

in hypoxic pulmonary hypertension, 533 
in respiratory work, 284-285/ 

Resusc nation 


Respiriron acid( 
expected hi 
with hypoventilation, 286 

Respiratory alkalosis 

expected blood gas compensation in, 262 r 
in heatstroke, 1132 

Respiratory artifact, 276/, 277/ 

Respiratory burst, 28 
Respiratory capacity, decreased, 112-11 ] 
Respiratory care techniques, 16Q-162 
Respiratory center control, inadequate, LL2 

Respiratory compromise 

in brachycephal ic breeds, 603 
with thoracic injuries, 655 

Respiratory depression, opioid-induced, 71- 


compensation in, 262r 


» . * . ■ 


client presence during, 1200-120 1 

drugs for, 510 

for near drowning victims, 579 

techol* i lies of, 1220 
vagal tone effects on. 

Resuscitation * induced hemorrhage, 474-475 
Resusc nation volumes, 468 
combination fluid therapy in, 4<>8-469 

Reticulocytes, I i' •' 

Reticulocytosis, 71 } 

Retina 

hemorrhage of 

in anemia, 388 
in thiombocy to;'e ia, 888 

integrity of, 882 

Retin 1 detachment 

from blast overpressure, 12 35 
with ethylene glycol toxicity, 889 
in intravenous fluid overload, 888 

in po! yc. •: mia, 888 

Retroperitoneal effusion 
causes of, 338 

sonography for, 378 

Retroperitoneum, abnormalities of, 362 
Reverse osmotic shift, 916 
Rewarm ing 

active external, 1118, 1125 
algorithm for selecting technique in, 

1126/ 


Respiratory disease 

artificial airway management in, 150-152 

diagnosis of, 146 

oxygen tli rapy for, 4 f»- 150 
pharmacologic therapy for, 162-165 
respiratory care techniques for, 1 60-1 62 
suctioning in, 

thoracic drainage in, 153-160 

Respiratory distress, 

Respiratory drive, depressed, 112-113 

Respiratory failure, 974 

Respiratory function, with mechanical venti 


Respiratory injury, 

di-tgnostk evaluation «*f, 

epidemiology of, 938 

.general approach to, 
lower airway and lung parenchyma dam* 

age in, 941 -945 

penetrating, 937-940 

pleural space damage in, 945-951 
thoracic wall damage in, 

Respiratory monitoring, 1159, 1160 

Respiratory muscles 

fatigue of with intermittent mandatory 

ventilation, 102 

impaired signal transmission to, 112-113 

in lung expansion, 16 

recovery o f atrophied, L09 

R' 'pirafory support, 853 

R - ® ir j itory system 


cote 

electrolyte monitoring during, 1120 
tin i vpothertma, 1123 

for myxevema coma, 85 5 

passive, 1125 

pharmacologic manipulation during, 

1126-1127 

Reynold’s number, JL0 

Rliabdo myolysis, 1131, 1132-1133 
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Rhabdosarcoma, laryngeal, 60S 

Rhinotrachettis, 60S 
Rib fractures 


SoimmiWld 

in hem. rhagic diarrhea, 766 
poisoning from, 1228 

ty ffumuriw m, in osmotic diarrhea. 7M 

Salt water aspiration, 577. 578 
SaOj, 17-18 

Saphenous venous 

Sarin, 1230f 
Scales, 1149 

Scheduled drugs, 74-75 

Schiff-Sherrington syndrome, 922 

' ^ D f ' 

Sc Winner tear test ing, 881 

Scientific ideology, 1206-1207 

Scintigraphy 
for insulinoma, 851 
for myasthenia gravis, 895 
Sclera, integrity of, 881 
Scorpionida. See Scorpions 
Scorpions, 

species of, 1013 

stings from, 

Scrub area, 1164 
equipment for, 1163 

Second messenger pathways, 1 9-50 

Secondary assessment of victim endpoint 

(SAVE) triage system, 1242- 
1243 

Sector transducers, 362 
Sedation 

agents for, 81-83 

in diagnostic imaging, 1159 

in ICU dogs and cats, 78c 

opioid-induced, 72 

for respiratory tract disorders, 611 
Sedatives 


clinical presentation and diagnostic evalua 

tion of, 663, 952 


epidemiology of, 662-663 


pathophysiology of, 951-952 


58 


treatment of, 663, 952 

ventrovlorsal thoracic radiograph of, 


664 [ 


Rickettsial organisms, 787 
Right anal pressure tracing, 269f 
Right atrial wall collapse 

Right bundle branch block, 497 / 


H( G findings in, 496-497 


pathogenesis of, 495 
Rigfu heart catheterization, 533 
Right heart failure 

with gastric aspiration, 591 

radiologic evaluation for, 333 
Right to die statutes, 1217-1218 
RI gh t - to-left shunting, 591 
Right ventricle 

collapse of in cardiac tamponade, 346 
hypertrophy of 

in pulmonary hypertension, 356-357 


530 


right axis deviation and, 255 

Right ventricular diastolic volume, 278 

Right ventricular pressures 


EGG of. 273/ 


in pulmonafy hypertension, 358 
Right ventricular systolic volume, 278 
Rima glottidis, 613 

Ringer s acetate, 181 

Ringer’s lactate, 181. 182. 1000 
drug interactions of, 1093r 

RNA polymerase II, 53 

Rocky Mountain spotted fever 
hemoM.isis disorders and, 735 


affecting platelets, 74 21 

for sneezing, 162-163 

Seizures, 871 

with brain injury, 918 
classification of, 872-873 
clinical presentation ot, 872-873 

diagnostic evaluation of, 
diazepam intrarectal administration for, 63 

drug'induced, 
drugs inducing, 1065 
epidemiology of, 872 
pathogenesis of, 871-872 
prognosis for, 878 
in pulmonary edema, 636 

with strychnine poisoning, 1113 

with toad poisoning, 1020 

treatment of. 874-878. ■ d67 -106S 

in strychnine poisoning, 1114 


thrombocytopenia and, 741-743 


R< *dentic ides 


anticoagulant, 735. 
bromethalin, 1117-1113 

cholecalc iferol 


common types of, 1106 

strychnine, 1113-1114 

toxicosis of, 1106 
treatment for toxicity of, 740 
zinc phosphide, 1114-1115 

Round heart, 333 


RTK cascades, 52 


i K receptors, 56 


Selenium 


actions of, 311 

antioxidant effect of, 32^33 
glutathione peroxidase and, 32/ 

RDA of, 32 

Self antigen antibodies, 710 
Self'disclosure, 1203 r 

Sepsis, 686t; 695. 696t 


S-adenosyl-L-methione (SAMe), 801. 1061 
S wave, 250 

Saline-fiirosemide diuresis, 868 

Saline infusion, 824 

Saline nebulization, 600 

Saline solutions, physiologic, 312 

Salmon calcitonin (Calcimar 1 , 1111 
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annual canine death rate from, 700/ 

annual human death rate from, 699/ 

with brain injury, 918 

clinical presentation of, 695. 701-702 
definitions pertinent to, 696t 

diagnostic evaluation of, 702 
epidemiology of, 699-700 
gram-positive, 697-698 

hematologic and biochemical parameters 

of, 703t 

inotropes and vasopressors for support in, 

7051 

mechanisms of, 580- 581 

pathogenesis of, 697-698 

physical parameters a&< >ciated with, 701 1 
prognosis of, 706 
severe, 6961 

specific antidi ammatory tl era >ies for, 

7051 

in starvation, 204 
treatment of, 

Septic shock 

definition of, 686t, 696t 

with intestinal obstruction, 813 

pall genesis of, 68? 

Septicemia 

in acute hemorrhagu diarrhea, 761 

after chemoihcrapy, 1141 
Serologic testing 

in dilated cardiomyopathy, 559 

for pneumonia, 65Q 
in severe liver J case, 

Serology kits, 1156 

Seromucmous carcinoma, feline tracheal 


monitoring of, 470-4 74 
in pancreatitis, 773 


pathophysiology of, 1 72-175 


f>hysicil parameters of, 470-472 


signs and symptoms of, L22 

with thermal injury, 974 

signs of, 976 

Shock lung. See Acute respiratory distress 

syndrome 

Shock organ, 76 h 1050 
Shock syndrome, stages of, 455 
Shock tftt< i spy, 661-662 

Shotgun wounds, 968 

Shunt, 16* 288* 1 89 f 

pressure gradients 

Shunt fraction, 288, 290-291 

in arterial O* tension, 289/ 

Sick sinus syndrome, 489, 499 
cardiac pacing for, 210 

clinical presentation of, 501 

diagnostic evaluation and ECG findings 

in, 501 

pacemakers for, 228 

pathos i rtgsis iif, 502 - 503 

prognosis * t, 504 

treatment of, 501 
Signal transduction pathways. 

Silastic implants, 61 1 -61 4 
Silver sulfadiazine, 977 

Silymarin/silbinin. 7981 
Simple triage and rapid treatment 1 START) 

technique, 1239-1240 


Ml 


Sinoatrial (SA) node, 242, 502 505 


.606 


disease of, 48 
pacemaker cells in, 488 
Sinus arrest/block 
clinical pr.n ration of, 500 

diagnostic evaluation of, 500 

ECG findings in, 500 

pathogenesis of, 499 
prognosis in, 501 
tracings 4, 500f " 

treatment « f, 501 

Sinus bradycardia 

clinical presentation of , 499 
diagnostic evaluation of, 499 

ECG findings in, 499 

electrolyte imbalance in, 253 
pathogenesis of, 498 

treatment of, 499 
Sinus tachycardia, 511 

clinical presentation of, 511-512 

dll' ; noetic evaluation or, 51 2 

ECG findings in, 512 

pathogenesis of, 511 
prognosis of, 512 

in restrictive cardiomyopathy, 572 

in traumatic myocarditis, 666, 667 

treatment of, .512 

Sinusitis, 110 


Serotonin 

in chemotherapy'induced vomiting, 1137 
in feline allergic airway disease, 626 

Serotonin receptor antagon ists, 1139 

Serum 

ahum in monitoring in, 689 

bile acid concentration of, SO 7 t 806 

biochemical ana lysis of, 816 
chemistry panel of in pancreatitis, 775 — 

226 

Serum sickness, 10 '56 

■ ir ' ju-InJ.jced, 1068 

Set point (body temperature), 1 1 >0 

Severity of disease 

outcome prediction and, 41 3-420 
scoring systems for small animals, 413-419 

Shelf life, prolonging, 1088-1094 

Shigella, 766 

Sh i ve i mg thermogenesis, 1117 
Shock 

arterial pressure in. 111 
basic cycle of, 454 / 
clinical signs of, 455-456 
fluid resuscitation for, 

lal oratory measurements in, 47 S-474 
with minimal blood loss, 174-175 
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SIRS. See Systemic inflammatory response 

syndrome 

Sixty-cycle interference, 249 


emergency care of, 1054-1037 

first aid for, 1033-1034, 1035t 

occurrence of, 1028-1030 
patient history of, 1030 
physical examination of, 1030-1032 

prognosis for, 1039 

species resistancc/susceptthlity to, 1032 
Snakes 

evolution of, 1023 
species of, 1023 

venom apparatus of, 1023 
venomous 

families of, 1025-1026 

identification of, 

versus nonvenomous, 1024/ 

prevalence of, 1028-1030 

Sneezing, uncontrolled, 162-163 
Social consensus ethics, 1206-1207 

on animal suffering and quality of life, 

1209-1210 

on moral status of animals, 1208 
on morality of animal treatment, 1208 

1209 


Skin 


bums of, 985 
elasticity of 

assessment of, 169 

with fluid loss, 171 

pigmentation of in plethysmographic read 

tags, 88 

turgor of with fluid loss, 171 
Skull radiography, 339 

for brain trauma, 915 

indications for, 326 
Slob id Gyrocaps, 62 5t, 626 

Slow ventricular tachycardia. See Acceler¬ 
ated idioventricular rhythm 

Small animat allergic respiratory disease, 

618-61Q 


Small animals 

coma scale few, 418-419 

seventy of disease scoring systems for, 

413-419 


Small intestine 


Sodium 

regulating balance of. 167 

retention of, 167 

Sodium bicarbonate, 182-183 
adverse effects of, 441 
for atrial standstill, 502 

in CPR, 441 

dmg interactions of, I093t 

extracellular pH and, 

for zinc phosphide poisoning, 1115 

Sodium bromide, 797 1 

Sodium chloride, 809 

Sodium esters, 1091c 

Sodium hydroxide, 13Q 

Sodium iodide, 1093c 

Sodium monofluoracetate (compound 1080) 

L106 

Sodium salts, 1093c 

Sodium succinate, 1093c 
Sodium sulfate, 1051c 
Sodium thiosulfate, 1053c 

Soft tissue injury 

with gunshot wound, 969 

from penetrating wounds, 

from stabs, 963 

Solenopsu invurta, 1017-1018 

Solutions 

changing pH of, 

dmg interactions in, 1089-109 31 

Solvent bums, 979 
Soman, 1230c 


y causing plication of. 


linear foreign 




128-129 

obstruction of, 385/ 
causes of, 338 


radiograph of, 339/ 


Small mtestional loop, 138 
obstruction of 

radiograph of, 339/ 


Smoke 

components of, 982 
effects and treatment of, 1230f 
in impending organized thrombus, 354 
particulates of, 983 

in restrictive cardiomyopathy, 353 

toxicity of, 645. 974 

Smoke inhalation 


clinical presentation of, 
diagnostic evaluation for, 986 
epidemiology of, 984 

incidence of, 982 
injury from, 976 
pathogenesis of, 982-984 

physical examination for, 

in pneumonia. 645 

prognosis for, 987-988 
treatment of, 987 

Smoke inhalation pneumonia, 648r 

Snake envenomation 

clinical presentation of, 1030-1032 
diagnostic evaluation of, 1032-1033 
epidemiology of, 1025-1030 
prognosis for, 1039 
treatment of, 1033-1039 

Snakebites 

adjunctive therapy for, 

antivenin research for, 1037-1038 
diagnostic evaluation of, 1032-1033 


i me ns 

daily record of, 1156 

data on, 1155 

Spectral Doppler echocardiography, 

Spectral Doppler flow signal, 343 

Spectral Doppler ultrasonography 

for pulmonary hypertension, 357-358 
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nonspecific causes of, 171 

seven? genem .i, 373/ 

Splints, 666 

Squamous cell carcinoma 
esophageal, Si 3 

feline tract cal, 606 

brvaneal. 60S 

ST sequent, 250 

normal for dogs and cats, 253t 

Stab wounds, 963 

management of, 963 
Staff, intensive care, 1 168 1169 

24-hour, 1169-1170 

certification fur, 1171-1172 
common conflicts among, 1183t 
conflict resolution with, 1176- 1169 
demands cm, 1175 

identifying strengths and weaknesses of 


quantitative information of, 344 

for restrictive cardiomyopathy, 

Spec trophotc mw try, 86 

Spermidine, 45 

Spermine, 45 
Sj 1 rocytosis, 711. 71 3 

Sphingomyelinase D, 1015 

Spider bites, 1013-1015 

inal ovd 

edema * 1 


MRI for, 40L 409 


T2 weighted MRI of, 410/ 

manipulation for injury of, 428 

tumors of, 

Spinal cord disease 

MRI in, 406-410 
vmular, 4* 

Spinal fracture/luxation, 922 

Spinal injury, 911 

clinical presentation and initial manage 

ment of, 

diagnostic evaluation of, 923-925 

pa: m physiology «. r, 92J 

prognosis in, 932-933 
prognostic indicator in, 922 

therapy for 

medical, 925-927 

surgical 
Spinal needle, sizes of, tilt 
Spinal stapling 

pre- and postsuepical radiographs of, 930/ 
for vertebral fracture/luxation, 928 
Spinal trauma, 

MRI evaluation of, 406-407 

Spinal tumors, 406 
Spinal x-ray, 326 

Spironolactone, 535 

Spironolactone/hydrocb lorothiazide, 560 
Splanchnic hypoperfusion, 763 
Splanchnic ischemia, 621 
Spleen 

acute injury or disease of, 370 
hypoechoic nodules of, 374 

metastatic nodules of, 372 f 

Kbi 

necrosis of with arterial thrombosis, 371 

nodular hyperplasia of, 

sonographic evaluation of, 369-374 
torsion of, 371 

traumatic rupture of, 370 

Splenectomy 

lor abdominal trauma, 908 

for acute respiratory distress syndrome. 


1177 


residents in, 1172- 1173 

retention of, 1173-1174 


stress tn 

St aft meetings, U?9i 

Staff/patienr ratio, 1170 
Staff relations, strategic planning for, 1176- 

1178 

Start retreat, 1176-1178 

StOp/r .. 

aureus 

with but* wounds, 93s 

in osmotic diarrhea, 764 
mtermedius, 938 

isolates obtained from small animals, 697 1 

b a ling, ilmest, 1 

Starvation 

consequences t, 2Q3-204 

simple, 202-203 

stress,, 20 

Status epileptic u>, fill 
clinical presentation of, 873 
diagnostic evaluation of, 

diazepam intrarectal administration for, 63 

epidemiology of, 872 

pati ogenesisof, 871 
receptor dysfuivction in, 55t 
treatment of, 874-878 
Stead v-state, 1084 

Stem cells 
fixed, 41 

Gl epithelium from, 40 

Stenotic lesions, ; 3 

Stereoselectivity, 47 

Sterile antifogging solutions, 138 

Sterile saline, 164t 
Sterile water, 164t 
Sterility, surgical, 1161-1162 

Sterilizer*, 1162 
Sternal fracture, 663 

Steroid hormone receptors, 5i 

Steroidal anti-inflammatory drugs, 7<38 


587 


for immune-mediated hemolytic anemia 


715 


for s emc rupture, 32Q 

Splenic hemangiosarcoma, 372-37 

Splenic sinusoids, dilation of, 371 
Splenic veins 

dilated, 374 

distended, 373/ 
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Steroids 

for aspiration pneumonitis, 600-601 
for feline allergic airway disease, 625 
for hypertension, 887 
for near drowning victim, 580 

for ocular inflammation, 881 

for pulmonary contusion, 945 

Stethoscope, 1149 

Stevens-Johnson syndrome, drug induced 

1068 


Strychnine poisoning, 1111 

clinical signs of, 1113-1114 
diagnosis of, 1114 

ion channel receptor blocking and, 56 
pathophysiology of, 1113 

treatment of, 1114 
StrycJtnos nux vomica, 1113 
Stupor, 984. 986 

Subchondral sclerosis, 340 
Subcutaneous absorption, 

Subcutaneous injections. 69 

Submersion injuries, 577 

Subphrenic pericardectomy, 144 -145 

redefining idea of, 1189 


Stomach 

decompression of for gastric dilatation 

volvulus, 759 
derotation of, 759 

dilation of, 755-756 

physiologic responses to, 756-757 
epithelium of, 40 
foreign body in. 119/ 

plastic, 127/ 

removal of, 125-130 

mucosal and muscular layers of, 384 
neoplasia of, 822 
sonography of. 

Stomach gas, 384 
Strabismus, 882 
Strategic planning, 1176-1178 

Strays, 1215 

Streptococcus 

with bite wounds, 938 
amis, 698 

/mains 

isolates obtained from small animals, 6971 
Streptokinase 

for immune mediated hemolytic anemia. 


Succimer, 1053c 

Sucking chest wounds. See Chest wound, 

sucking 

Sucralfate (Carafate) 

for adverse drug reactions, 1054t 

drug interactions of, 1096, 1101 
for esophageal disorders, 818-819 
GI tract drug interactions of, 1095 

for immune mediated hemolytic anemia, 

716c 


for pancreatitis, 780 

Suction catheter, 152 

Suctioning, airway, 152-153 
Sudden death 

from blast overpressure, 1235 
cardiomyopathies in, 550 
in dilated cardiomyopathy, 562 
in restrictive cardtomyi apathy, 512 
Sudden Death Mouse Killer, 1112 
Sulfa drugs, 889 
Sulfasalazine (Azulfidine), 1139 

Sulfonamides 

for abdominal trauma, 908 

adverse dermatologic reactions of, 1069t 

CNS toxicity of, 1067c 

drug interactions of, 1093c 
hepatoxociry of, 1063 

in pancreatitis, 773 

skin reactions to, 1068 

Sulfur mustard, 1230t 

Superoxide dismutase (SOD', U 
for brain trauma, 917 

cofactors for, 32/ 

Superoxide radicals, 28 

dlismutat ion of, H 
in oxygen metabolism, 26-27 
Superoxide reaction, 30 
Superoxide symbol, 26 
Superwarfarin, 1106 

Supportive therapy 

for acute renal failure, 311-312 

for overdose cases, 1084 

Supraventricular arrhythmia, 492 
Supraventricular tachycardia, 512 
clinical presentation of, 512 

ECG findings in, 513 
electrolyte imbalance in, 254 


716c 


for inappropriate thrombosis or thrombo¬ 
embolism, 749 

for pulmonary thromboembolism, 536 

Streptozotocin, 852 


catecholamine production in response to, 


815 


management of, 1185-1186 

family-friendly work environments in, 

1186-1187 

on-the-job strategies for, 1188-1189 
strategies for, 1188c 
in mucosal barrier disruption, 45 
Stress relaxation, 632 
Stress starvation, 203 

Stress ulceration, 55c 

Stressful environment, 1183 

Stretch receptors, 167, 454 
Strictures, 130— 131 

Stroke volume i ^V), 1_» 278. 992 

afterload and 
end-diastolic pressure and, 3£ 
generation of, 2 

reduced in canine dilated cardiomyopathy 


554 


Strongyloides ucrcoraUs , 619 
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pathogenesis of, 512 

prognosis of, 514 

treatment of, 51 1-514 

Surfactant dysfunction, 110 

Surgery 

for airway management, M3 
for bite wounds, 963 

for brain trauma, : '■ 7-918 
dein it ions of, 1161 

for diaphragmatic hernia, 661-662, 9ii 
equipment for, 1162-1161 

for esophu^al disorders, 819 

foe flail chest, 953 

foe gastric dictation-volvulus, 760 
for hyperparathyroidism, 667 

for insulinoma, 852 
for intestinal obstruction, 832-833 
for intrathoracic tracheal rupture, 941 
for laryngeal and pharyngeal disease, 613 


temperature thermistor in, 278 


28 


Swan-Giin; catheterization 


for cardiac output measurement, 294 

technique of, 295/ 

Swan-Gam monitoring, 599 
Sympathetic nervous system, 6 
Sympath< k i It iet ics 

for bronchospasm, Ml 

for second-degree AV block, 5C2 

for shock, 469 

Synchronized intermittent mandatory venrila 

tion (SIMV), 102, m 


Syncope, 5Q2 

Systemic arterial pressure, 528/ 

Systemic circuits, 2 
Systemic disorder* 

EGG in. diagnosing, 240c 
ocular manifestations of, 881 -8 89 
Systemic inflammatory response (SIR), 686r 

Systemic inflammatory response syndrome, 

580-581 


614 


major and minor, 1161 
mortality record of, 1160 
operating room for, 1163— 1164 


after bite wounds, 938 
clinical criteria of, 685 
clinical presentation of, 701-702 

criteria far, 685> 
definition of, 696c 

diagnostic evaluation of, 688, 702 

epidemiology of, 700-701 

increased permeability edema and, 633-614 

lipopolysaccharides in activation of, 697 

monitoring goals in, 692c 

pathogenesis of, 686, 698-699 
prognosis of, 7Ct> 

proposed criteria for, 702c 

risk factors for, 698c 

with second inflammatory insult, 696/ 

sepsis progressing to, 699 - 700 

treatment of, 702-705 

Systemic inflammatory response system 

(SIRS), 622 


for pacemakers, 2 30-235 


pain with, 69 

patient in, 1162 

for pericardial effusion, 346 


for peritonitis, 727-728 


personnel and procedures for, 

for pneumonia, 652 

for portosystemic shunt, 609-810 

preparation room for, 1163 
for retained arrow, 971-972 

scrub area for, 1164 

for spinal injur 92 6 

far tm heal diseases, 614 

Surgical attire, 1161 

Surgical excision 

for brown recluse spider bite, 1013 
for severe liver disease, 798c 

Surgical log, 1159-1160 

Surgical packs, 

Surgical stabilization 

for flail chest, 666 

for spinal injury, 928. 929-932/ 

Surgical tele opt , 138 
Surgical thoracoscopy set. 139c 

Surgical wound infections, nosocomial, 678 
Survival prediction index (SP1) 

in high-risk canine laparotomy patients, 

415 

Survival scoring systems 

applications and indication of, 419 

limitations of, 4 2 0 1 

Swan-Gam balloon catheterization, 535 
Swan-C lanz catheter 

placement of, 272-275 

in pulmonary artery pressure measurement 


in fever, 673 


Systemic vascular resistance, 270 

Systems theory, 1179-1181 
Systems triage, 1243-1245 

Systole 

Systolic anterior mitral valve motion 

(SAM), 153 


Systolic pressure 

measurement of, 273-275 
pulmonary artery, 274/ 

Systolic pulmonary artery pressure, 524 
Systolic volume, right ventricular, 278 


T-piece breathing system, 109 

T waves, 250 

evaluation of, IzJ, 

normal far 

Tabun, 12 iOc 


I _ . 


i and cats, 251i 




m 


in pulmonary capillary wedge pressure men 

surement, 275 


Tachyarrhythmia, 469, 511—521 


in restrictive cardiomyopathy, 520 
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Tachycardia 

in canine dilated cardiomyopathy, 553 

pain management in, 689 

in traumatic myocarditis, 668 

treatment of in sepsis, 704f 

Tagamet. See Cimetidine (Tagamet >1 

Tar bum, 929 

Taurine supplementation, 550- 551 

Telemetry, 492 

Temperature compensation, 261 
Temperature conversion calculations, 672f 

Temporary cardiac pacing, 210 

Tension pneumothorax, 110 
Terbutaline (Brethine) 

for aspiration pneumonitis, 600 

of for respiratory diseases, 6121 
for feline allergic airway disease, 62 5t, 626 
for respiratory disease, 613 

for sinus arrest and block, 501 

for third-degree AV block. 509 

Terrorist attacks, 1228-1235 
Test instrumentation, 1156 
Tetracycline (Panmycin) 

adverse dermatologic reactions of, 1069t 

cardiotoxicity of, 1072c 

drug interactions of, 1093t, 1096 

for immune-mediatcd hemolytic anemia in 

cats, 719 

increasing sensitivity to vitamin K rodenti- 

cidc, 1109c 

in pancreatitis, 213 

Tetraparesis, 410/ 

Thallium, 1106 

Theo-Dur tablets, 625t, 626 

Theophylline 

card iotoxic i ty of, 1073 

doses of for respiratory diseases, 6121 

for sick sinus syndrome, 503 

target of, 48 t 

time release, 625t, 626 

toxic concentrations of, 1098 

for upper and lower airway disease, 612- 


Thermoregulation, 671-673 

in hyperthermia, 1130 

mechanisms of, 1130-1131 

Thiabendazole, 1069c 

Thiacetarsamide 

adverse dermatologic reactions of, 1069c 

allergic reaction to, 1056 
Thiamine, 798c 

Thiazides 

in pancreatitis, 773 

target of, 48 c 

Thin-needle aspiration, 387 

Thiobar hi curates, 840-841 

Thiopental, 1093c 

Thirst, 166 

Thoracic cavity, overinflation of, 141 
Thoracic drain 

correct placement of, 948 / 
for pneumothorax, 947-948 

post-thoracoscopic, 145-146 

Thoracic drainage, 153-160 

for projectile thoracic injury, 940 

Thoracic insufflation, 141 

Thoracic physiotherapy, 600 

Thoracic pump theory*, 429-430 
Thoracic wall 

injury to, 

neoplastic seeding of, 146 
traumatic damage to, 

wounds in, 658 
Thoracocentesis, 153-154. 657-658 

for acute heart failure, 483 

for bite wounds of neck and thorax, 938 

chest tube placement in, 156-160 

diagnostic and therapeutic, 939/ 

for diaphragmatic hemiu, 660, 951 

for hemothorax, 949 

mini-chest tube placement in, 1540156 

for pericardial effusion, 547- 548 

for pneumothorax, 948 

repeated, 949 

for restrictive cardiomyopathy, 572 

Thoracoscopy, 137 

anesthesia for, 140 

basic approaches to, 141-143 

biopsy techniques in, 144 

camera and instmmenr portal insertion 

sites for, 143f 

complications of, 146 

contraindications to, 138 

diagnostic, 143-144 

endoscopic instrumentation for, 139t 
equipment for, 138 

indications for and use in critical patients. 


613 


Therapeutic dependence, 74 
Therapeutic drug reactions, 1049-1074 
Thermal injury 

causes of, 973 

clinical presentation of, 

healing of, 975—976 

initial wound management for, 977 

laboratory and radiographic findings in 


m 


pathophysiology of 

local, 974 

systemic, 974 

prognosis for, 980 

treatment for, 979 
Thermodilution, 294 

in cardiac output measurement, 278-279 

Thermometer, 1149-1150 

for hypothermia diagnosis 


137 


localization by major anatomic features in 

142t 

minimum patient evaluation for, L4G 

postoperative care and monitoring in, 

145-146 

preoperative considerations in, 140-141 
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techniques in, 141-145 


in hypertrophic cardiomyopathy, 564 

in hypothermia, 1127 

with immune'mediated hemolytic anemia, 

716-717 

inappropriate, 7 46-749 

with parenteral nutrition, 65 

pulmonary, 

in restrictive cardiomyopathy, 572 
Thrombolysis, 749 

Th rom hosts 

with abnormal hemostasis, 

inappropriate, 746 -749 

Thrumbojcme A;, 747 

Thrombus 

abdominal ultrasonography for, 369 

in cardiomyopathy, 355 f 

early sign of, 354 

in restrictive cardiomyopathy, US 
of terminal abdominal aorta* 390 / 
Thumping, 161 

Thymectomy, S97f, 900 

Thymic hyperplasia, 900 
1 Itymoma, 900 

Thyroid disorders, 854 -658 

Thyroid hormone 

inhibited synthesis of, 858 
for myxedema coma, 815 

Thyroid stimulating hormone, 355 
Thyroid storm, 856 

clinical signs of, H 56-857 

diagnostic evaluation of, 857 

pathophysiology of, 8 5 6 
prognosis for, 858 
treatment ot, 857 858 

Thyrotoxicosis, 857 

Thyroxine (T4) 

level of in thyroid stortn, 857 

low levels of in myxedema coma, 855 
in myasthenia gravis, 894 

in thyroid storm, 856 

for von WOlebrand disease, 744-745 

Tt care ill in 


training and staff considerations for, 138 


09 


working space for, 140-141 

TV acostc uny, 

Thoracosu>my t ubes 


placement of, 1 54-156 


for rewamiing in hypothermia, 1126 
for thoracic stab wounds, 963 


Thoracotomy 

emergency, LU 

for esophageal disorders, 819 

for flail chest, 05 3 

for hemothorax, 6.59, 949 

indications for following thoracic trauma 

940 1 


open, 141 

pain management in, lii5 
for projectile thoracic injury, 940 
for thoracic stab' wounds, 963 
Thorax 

auscultation of 

for diaphragmatic hernia, 950 

in projectile thoracic injury, 

bite wounds to, 937-938, 960/ 

diseases of, 131-335 

gunshot wound to, 969 

injury to 

extent or’, 655 

incidence of, 655 

myocardial injury with 
projectile, 9 36 940 

types <if, 655-668 

radiography of 

for diaphragmatic hernia, 660-661 
indications for, 326 
for pneumonia, 47 -646 

radiology ^4* 331—335 

stab wounds to, 963 

trauma to, 935 

common injuries associated with, 936c 
Thorazine 

Thrombin, 733 

in OPCR activation, 46 

Thrombin time, 739 

Thrombocytopenia 

in acute respiratory distress syndrome, 565 
chemotherapy'induced, 1140 

in heatstroke, 1132 

with hep: m. 1071 

immune-mediated, 735 

with immune'mediated hemolytic anemia, 

716-717 

management: of in hetmstatic disorders. 


for aminoglycoside toxicity, 1059 
binding gentamicin, 1094 
Tick-bome disease, 340 

Tick exposure 

hemostasis disorders and, 7 35 


thrombocytopenia and, 741-743 


Tidal breathing flow volume loops, 610-611 

T i dal volume 


with different ventilator principles, 100 f 

low, with Ki^K PEEP, 105 

Tight junctions, impermeability of, 4i 

Timber rattlesnake venom, 1027 

Tissue 

bite wounds to, 959 

gunshot wound to, 966 

hypoxia of, 993 

from inadequate oxygen delivery, 700 


ocular manifestations of, 666 
Thromboembolic episode, 354 
Th r* miboe mbol i sin 

arterial 

with abnormal hemostasis, 

in hypertrophic cardiomyopathy, 567 


701 


with smoke inhalation, 962-984 
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i’issue (continued) 

ischemia of, 22 

in fever, 673 

necrosis of 


T racheohronchit is 


infectious canine, 608 
treatment of, 611-612 

Tracheostomy, 614 

in aspiration pneumonitis, 594 
complications and aseptic technique with, 

152-153. 614 

percutaneous technique in, 151 
permanent, 613 
temporary, 613 


with bite wounds, 959 
wound 


for, 962 
Oi delivery to, 19-20 

Oj uptake in, 20 

oxidant injury to, 26- 36 

oxygen delivery’ balanced with oxygen de 

mand in 

pain with trauma to, 68-69 

PCX), in, 265 

perfusion of, factors in, 994 
Tissue damage Hfrliators, £1 1-912 
Tissue plasminogen activator (tPA), 733 

for inappropriate thrombosis or thrombo¬ 
embolism, 749 

recombinant, 536 

Toad, poisonous, 1020-1021 

Tolerance, opioid, 24 

ontc-clonic convulsions, 1014 
Tonometry, 881 

Tonopen applanation tonometer, 88! 

Torbugesic, 132 

Torsades des pointes 490. 518-519 

electrolyte imbalance in, 254 
treatment of, 519 

T rsion. See Gastric dilatation*volvulus 

Total protein, 473 

Touch. 1193-1194 

Toxic epidermal necrolysis, drug-induced, 

1068 


Tracheostomy tubes, 1 -152 


airway dehydration with, 161 

for aspiration pneumonitis, 598 
cuffed, with introducer, 151/ 

Traction diverticula, 814 

Tranquilizers, 162-163 

Transderm a l drug delivery, 1086 
Transdiaphragmatic pacemaker implantation 


Transfer procedures, 1149 
Transferrin, 15 

actions of, lit 

Transforming growth factor-a (TGF-a), 42 


43 


Transfusion. See also Platelet transfusion; 

Red hi 

administration ot blood or blood products 

in, 122 

for anemia, 989 

antigenic nature of erythrocytes in, 189- 


cell trandusion 


lit I 


vm 


bacterial contamination in, 201 
Hood couijonent collection and storage 


Toxicity, systemic, 889 
Toxocara amis, 619 

diagnosis and treatment of, 620t 

Toxoplasmosis, disseminated, 281 


typing cards in, 190-192 
for cardiovascular dysfunction, 689 
crossmatching in, 122 
for hemostasis disorders, 740 

for hemothorax, 659 

for immune-mediated hemolytic anemia 

715, 716t, 212 

indications for, 197-199 

intraosseous, 62 
preparation of bl< 


bl 




Tracehotomy, 962-963 


T rac hea 


bite wounds to, 937 

collapse of, ! 
foreign bodies in, 608 

in gas transport, 15 

hypoplasia of, 609-610 

inflammation of, 606-608 

intrathoracic rupture of, 941-942 

mucosa] injury of with mechanical ventila 

tion, 110 

neoplasia of, 606 

obstruction of, 605-610 

palpation of for pneumonia, 647 

stenosis of after bite wounds, 938 
trauma to, 606-607 
Tracheal disease 

diagnosis of, 610-611 

prognosis of, 614—615 

treatment of, 611-614 
Tracheal resection, 614 

Tracheal ring prosthesis, 614 

Tracheitis, 607 

Tracheobronchial tree abnormalities, 215 




components in, 195 




197 


pretransfusion consideration in, 192-193 
reaction to, 466 

for shock, 465-466 

for thermal injury, 979 

for thrombocytopenia, 743. 888 

transfusion reactions in, 200-201 

for von Willebrand disease, 744 

Transfusion reactions, 466 

allergic, 201 

in fever, 673. 674 

hemolytic, 200 

history of, 197 

immune-mediated delayed hemolytic, 

200-201 

nonimmune-mediated hemolytic, 200 

Transfusion trigger, 989-990 
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T ra ns membrane domains, 48 
Transmembvane resting potential, 

Transrcsptratory pressure gradient, 16 

Transtelephonic ECG transmitter, 1165 
Transthoracic impedance, 415 
Transthoracic needle aspiration, 650 
Transtracheal oxygen delivery, 1 49- 150 

Transtracheal wash, 649 

Transvenous pacemaker implantation, 233 


Trocar-cannula units, 125 

Trocar catheter, 157/ 

placement of, 3 58/ 

Troponin T, 1007-1008 

Trounce, 1112 

Tru-cut bio[»y instrument, 144 
Trypsin, inhibition of, 771 -772 

Trypsin-like immunoreactivity, 778 
Trypstnogen, 22 

Tubular secretion, drugs competing for, 

1099t 

Tularemia, 1232*1233t 

Tumor necrosis factor 

in canine dilated cardiomyopathy, 554 
receptors mediating, 551 

in stress starvation, 203 

in systemic inflammatory response syn- 

drome, 580, 698 

Tumor nec r< m$ fac r< »r-a 

in multiorgan failure, 686-687 

tumor cell release of, 219 
Turbulence, estimation of, ID 
Turbulent flow, 9-10 

Typhlectomy, 813 

Tyrosine residues, 52 

Tyzzer disease, 282 


215 


T ra uma 


'Full 


to brain, 91Q-918 
in pancreatitis, 224 


respiratory tract 


spinal, 921-933 


radiographic evaluation of, 

in systemic inflammatory response syn¬ 
drome, 70Q 

Traumatic wet lung. See Acute respiratory 

distress syndrome 


Trefoil proteins 

in G1 epithelial restitution, 45 

m mucosal harrier hintnon, 41 

Triage, 1235-1238 

ABCDEs of primary survey in, 1245t 

categories and identification in, 124It 
during disaster emergency phase, 1242 

1243 


U wave, 

Ulcerations, intestinal, 765 
Ulcerative gastritis, 134/ 

Ultrasonography, 343-344. See also Color 

flow Doppler ultrasonography; 
Doppler ultrasonography 

abdominal, 337-338 

critical cure applications of 
for immune-media ted hemolytic ane¬ 
mia, 211 

for peritonitis, ’T 
of abdominal blood vessels, 389 
for adrenal dysfunction, 840 
for diaphragmatic hemia, 661 

for endocarditis, 349-350 

equipment for, 11158 

for ethylene glycol toxicity, 1045 

ot female canine repnviuctive tract, 389 


in disaster-veterinary medical aid centers, 

1239-1240 

essential equipment in, 1244f 

initial evaluation in, 1244 

key issue in, 1245r 

Scenarios of, i’4 

special resources for, 1243 
systems, 1243*1245 

Trichobezoars, 825 

Tnchuris indpis, 766 
Tr icuspid v a l ve 

insufficiency ci 

in pulmonary hypertension 
in right heart failure, 333 

regurgitation of, 5 32 

7 ru vc 1 1 antidepressants 

adverse reactions to, trea tmenc of, 1055 r 

cardiotoxicity of, 1072c 
CN S ti >xtcicy t »f, 1066-1067 
seizures with, 1065 

Triggered cardiac activity, 490 
T riglycerides 

medium chain, 210 
serum levels of in cancer, 221 

Triiodothyronine 3) 

level of in thyroid storm, 857 

in thyroid storm, 656 

Trimethoprim-sulfa, 11091 

Tr imet hopr im-su Lfaduui ne 

for abdominal trauma, 908 

for hemorrhagic diarrhea, 768 
ocular toxicities of, 669 


39 3 


for gastric outflow obstruction, 826 

of gastrointestinal tract 

for hyperparathyroidism, 865-667 

for intestinal i i r ruction, 511 
of kidney with ethylene glycol intoxica¬ 
tion, 1046/ 


M-mode 

for multiorgan failure, 688 

of pancreas, 365- 359 

for pancreatitis, 776-777 

for penetrating wounds, 958 
for portosystemic shunt, 822 

of prostate, 393-395 

for pulmonary edema, 635 
for pulmonary hypertension. 
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tJltrasonography (c< manned) 

for restrictive caidiomyopathv 

in severe liver disease, 
two-d i mens 101 lal, Mi 

of urinary bladder, 

I J Itrasoun : equipment, 1148 

Ultrasound'{guided aspiration, 362 

II nconse iousness, 985 
Universal donors, canine, 121 

Urate urolithiasis, 809 
Uremic gastrointestinal disorders. 

Ureters 

dilated, 374 

excretory urography of, 37S 

ultrasonography of, 374 

Urethra 

blockage of, 380-381 / 

obstruction of, recurrent signs of, 380] 
ruptured, 182 

Urethral stone, 330 

Urethrography, positive contrast, 330 

Uric acid, lit 

Urinalysis 

in acute and chronic renal failure, 3071 

for pancreatitis, 776 

for portosystemic shunt, HO7 

for severe liver disease, 794 

Urinary bladder 

blood clots in, 382 
large blood clot in, 380-381 / 
normal wall thickness of, 382 
rupture of, 382 

severe cystitis of, 380 1 

thickened, 183/ 

ultrasonography of, 

Urinary calculus, M2 

Urinary tract infections 

catheter-related, 67 5 

guidelines to reducing risk of, 305 

3081 

nosocomial, 676-677 

Urine 

i • ugs changing pH <>f, 

monitoring of, 303-305 
in nosocomial infection, 676 

output of 

in acute renal failure, 691 

measuring, 178-179 
in shock, 4 7 .■ - 47 " 

Uro ibdomen, 7 2S 
Urobilinogenu ia, 794 

Ursodeoxycholic acid, 7991 
US. Public Health System 

Disaster Medical Assistance Teams 

(DM AT), 1238 

Veterinary Medical Assistance Teams 

(VMAT), 1238 

Uterine biopsy forceps, 120-121, 122 [ 

Uterus 

abnormal echogenic fluid in, 394/ 
pregnant 


pyometra, mucometna, and hydrometra of, 


■ ‘V lighting, 1094 

Uveitis 

anterior, with hyperviscosity syndrome. 


887 


infectious disease causing, 883 
in cats, 8861 

in doi>, 885 1 


V/Q mismatch, Lfi 

in aspiration pneumonitis, 
with gastric aspiration, 59J 
with mechanical ventilation, 110 
in pulmonary edema, 635 

Vacuum drains 

for arrow wound, 97 1 
for bite wounds, ; t • 

for impalement injuries, 963-966 
Vagal reflex maneuver, 513 

Y.gal tone 

Vagotomy, 440-441 

Valvular insufficiencies, pressure gradients 

across, '• 

Vancomycin, 1093r 

Vascular access 

for fluid resuscitation, 436-457 

for parenteral nutrition, 23 3 
Vascular beds, 7. 

Vascular disorders, 887—889 
Vascular function, ii 
Vascular function curves, 12 

oscular resistance 

in arterial pressure, 270 

determining, 524-525 

Vascular ring anomaly, 820 
treatment of, 819 

Vasculitis, drug-induced, 1068 
Vasoactive hormones, 991 
Vasocoilsttic t ion, I 

in normal hemostasis, 7 3 1 
peripheral, 1’ 16 
in pulse oximetry, 8H 
reflex sym ia thetic, |22 

Vasodilation, 2 

Vasodilators 

for dilated cardiomyopathy 
for hypoxic pulmonary hypertension, M3. 
for pulmonary edema, 639 -ft4Q 
for scorpion stings, 1016 

Vasopressors, 704c, 705 r 

Vecuronium 

antagonistic action of, 47 
receptors mediating, 55t 

VEE, 1233r 

Veins 

characteristics of, 7t 
selection of, 52 

Vena cava 

abdominal sonography of, 389 

mid-abdominal sonogram of, 39 jj_ 
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Vengeance, 1112 

Venipunctures, 69 

Vcnoconstnctkm, (i5 


{prolonged, 132 


Ventilatory workload, reduction of, IQS 
Ventricles 


Ven tilators, 547-548 


enlargement of 


Venom, snake, 

Venous access 


identifying effects of, 255 256 


leads to detect, 
pressure ^volume curve tor, 2 
Ventricular c lysrh yt’ irai.t 
heart rate in, 266 

in traumatic myocarditis, 667 

treatment of, 668 

Ventricular fibrillation, >19, 520-521 

clinical presentation of, 121 

ECG findings in, 520f, 521 

electrolyte imbalance in, 25 3, 254 
pathogenesis of, 521 

prognosis of, 52 1 
treatment of, 521 

Ventricular inflow restriction, 354 

Ventricular premature complexes, 491 / 
Ventricular premature contractions (VIO) 


emergency sites for, 58 
intraosseous 


intratracheal, 61 

selection of in dogs and cats, 60r 

Venous admixture calculation. 107 


Venous blood gases, 264-265 


tn metabolic acidosis, 

Venous compliance'arterial compliance ratio, 


Venous cutdown proc edures, 61 

Venous I \\ 265 

Venous pressure 
cardiac output and, 13 
flow rate and, 11/ 

Venous return (VR), 1^ 3 

cardiac output and, 11-13 

Venous shunt, 107 
Ventilation, 281-287 

tor acute respiratory distress syndrome. 


after pacemaker surgery , 215 
with blunt thoracic trauma, 667/ 

Ventricular pseudo hypertrophy, 357 
Ventricular tachyarrhythmia, 556 
Ventricular tachycardia, 486-487 
with AV nodal and ventricular pacemaker 

locations, 494 / 

clinical presentation of, 512 


assessment of, 264-287 


for flail chest, 665-666 


inverse ratio, 105 -106 
monitoring, 428 

mouth - to mouth (mouth* to-nose), 428 

one-lung, 1 *0-141 
protecting damaged tissue from, IQS 
sources of during cardiac arrest. 427 
Ventilation'perfusion mismatch, 288 2S9 

to compensate for, 140 
in projectile thoracic injury, 939 
Ventilation'perfusion ratio, 2 9Q / 

Ventilator-acquired pneumonia, 110-111 

Venrilator circuit resistive load, 112 
Ventilator-delivered breath, 98/ 

Ventilator patient monitoring, 106-1 OS 

Ventilator support strategics, 105 -106 
Ventilators 

designs for, 92 

setting guidelines for, 97-98 
Ventilatory assistance, 046 
Vernik v rates, 100/ 

Ventilatory support. See clso Mechanical ven- 

tilat ion 

adjunctive techniques of, 10 3 104 
complications and problems of, 110-113 

discontinuing, 108-110 
improper, 104-105 
Modes of, 99=103 


ECG findings in, 518-519 


electro! te imbalance in, 254 
multiform, 689 

in multiorgan failure, 688 

padlC ' lesis of, 317 

prognosis of, 520 

runs of, 491 

sustained, 267 / 

in traumatic myocarditis, 666 
treatment of, 519 520 

Ventr< k\* >rsal projeccions, 3 31 

Ventrodorsal radiographs, a 

Venules, 7t 

Verapamil 

for supraventricular tachycardia, 1X4 
for traumatic myocarditis, *>68 

Verbal skills, 1194-1195 
Vertebrae 


l I 


nuinal, 136 


> ■H 


displacement of, 924 

malalignment of, 340 

y fracture, 406-407 

Vertebral fructure/luxations 

conceptualization of, 923-924 
prognosis for, 932-933 

surgical stabilization of, 929-932/ 

surgical therapy for, 9 2 8 
rransaxi.il t_T of, 925 ' 

Very low-density lipoproteins, 221 
Vesicants, 1229 

effects and treatment of, 1230c 

Vespidae, 1017 


Vend rs> 1 


ill ' 


for near drowning victims, 58Q 

problems and complications of, 110 in 

wc.min; (A, L08= 11 Q 


difficult, 111-112 


difficulty of, 111-113 

ETCOj monitoring with, 94 
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Veterinarians, disaster preparedness of. 


deficiency of, 34 

Vitamin D 

active form of, 861 

for hyperparathyroidism, 868 
for hypoparathyroidism, 868-869 
malabsorption of in hyperparathyroidism, 


Veterinary critical care medicine, ethics in, 

1205-1215 

Veterinary disaster medicine, 1237- 1238 

Veterinary disaster response model, 1238 

phase 1 of, 1238-1239 

phase 2 of. 1239-1241 

phase 1 of, 1241 

Veterinary Emergency and Critical Care So¬ 
ciety, emergency/cntical care 

guidelines of, 1148 

Veterinary emergency hospitals, 1148 

anesthesiology in, 1159-1160 
continuing education for, 1166 

diagnostic imaging in, 1156-1159 
examination facilities of, 1149-1150 

laboratory of, 1154-1156 

medical records in 
nursing care in, 1164-1166 
patient transfers in, 1149 
personnel of, 1148-1149 

pharmacy of, 1153-1154 






*11 


metabolites of in calcium homeostasis, 

1110 

preparations of, 8681 

Vitamin E 

actions of, 111 

antioxidant effect of, 33-34 

chain-breaking action of, 34f 
for severe liver disease, 7991 

Vitamin K 

adverse dermatologic reactions of, 1069t 
antagonists of, 1055t 
blocking recycling of, 748 

in coagulation, 732 
deficiency of, 738 

correction of, 740 

management of in hemostatic disorders, 


surgery in 

Veterinary Emergency Tag (VET), 1241 f 

Veterinary fees, clients unable to pay, 1214- 


in severe liver disease, 794 

treatment of, 

for liver disease, 801 

proteins induced by absence of, 738 

for severe liver disease, 797t, 798t 

Vitamin K )t 1052c, 1055r 

for anticoagulant rodenticide toxicity, 

1108 


1215 


Veterinary Medical Assistance Teams 

(VMAT), 1238 

Veterinary serv ices, bartering for, 1214-1215 

Veterinary team 
demands on, 1175 
response of, 1196t 

Veterinary Technician Specialist certifica¬ 
tion, 1171-1172 


xide reductase, 1106 
Vitamin K antagonist rodenticide 
drugs increasing sensitivity to, 1109e 

treatment of, 1109 

Vitamin K-dependent clotting factors, 198 

Vitamin K quinone reductase, 1106 

Vitamins, multiple, drug interactions of, 

1092t 


Vitamin K 2,3 


Vetmedin, 561 

Video-assisted thoracoscopy, 143f 

Video camera, 158 

Video endoscopes, 114 

Vincristine, 1067c 

Viperidae, 1025-1026 

Visceral function. 111 

Visceral injury, 906e 

Vision 

assessment of, 881-882 

loss of 

causes of, 881 

with diabetes mellitus, 

with hypertension, 887 

with hyperviscosity syndrome, 887 
Visual deficits, 881-882 

Vital signs 

in hypothermia, 1123 

monitoring in near drowning victims, 579 

Vitamin B complex 
drug interactions of, 1093c 
in IV solutions, 1094 

Vitamin C 

actions of, lit 

antioxidant and pro-oxidant effects of, 


VOj.21 

VO 1 1 DO: imbalance, 21 
Volatile hydrocarbons, 615 
Volume balance, 167 

Volume contraction, 152 
Volume deficit, 175 

Volume of distribution (Vd), 1082, 1086- 

1087 

dosing regimen and, 1082-108) 

Volume receptors, 167 
Volume replacement 

for brain trauma, 913-914 

for hemothorax, 659 

Volume resuscitation, 1124-1125 
Volume-targeted breaths, 92 
Volume-targeted ventilation, 101 

LlE ratio in, 106 

Volutrauma 

with mechanical ventilation, 1 IQ— 111 
with volume-targeted ventilation, 101 
Volvulus, bowel, 833 
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Winged-tip catheter, 59 
Wire basket, 115-116 


Vomiting 

in acute renal failure, 320 - $21 

i 1 ■ not herapy- induced, 

it 1 ! diabetic ketoacidosis, 845 
with enteral nutrition, 211 

with gastric foreign 

with morphine, Z5 

opioid'induced, 73-74 

Vomitus, frank bl 
von V 'illebrand disease 

management of in hemostatic disorders 

744-745 

treatment of, 744-745 
von Willebrand factor (vWF), 73L 740 

VVI pacemakers, 2 25 


y removal, 126 

Work environment, family-friendly, 1186 


in gastric foreign 


IXI 


1187 


Work/life bala ■ 

conflict resolution in 

strategic planning for, 1176-1178 

World Trade Center bombing, 1228 

blast overpressure injuries in, 1235 

Wound closure 

for bum injury, 978 
for electrical injury, 950 
Wound excision, 978 
Wound infections, nosocomial, 678 

Wound lavage, 972 
Wounds 

from bites, 961-962 
drainage of, 962 

impaired healing of, 204 

Wright’s respirometer, 284. 266 / 

Wyeth-Ayerst antivenins, 1036-1037 

purified, 1037-1038 


ies, 125 




in, 122 




Wandering baseline, 249-Z50 
Warfarin 


drug interactions of, 1093t 
frozen plasma for toxicity of, 195 

hematologic disturbances with derivatives 

of, 1071 

for hypertrophic cardiomyopathy, 567 

for inappropriate thrombosis or thrombo¬ 
embolism, 748-749 


X-ray photons, 325 

X-ray table, 1158 

X-rays, 1234 

personnel exposure to, 1158 
Xanthine, LM 
\ ylazine 

dose and frequency of, 78t 


in milk, U0S 

for pulmonary thromboembolism, 
rodent icide, 1106 

Wasps, 1017 

venom of, 1015 

Water 


balance of, l (>6, 169 

daily requirements for, 176-177 

distribution of .ind 


with opioids, 78-79 


y weight, 173 


Yellow jacket delirium, 1017 

Yellow jackets, 1017 

Yersinia 

enterocoliaca 

in hemorrhagic diarrhea, 266 

in osmotic diarrhea, 264 

pesos, 12321 
Yohimbine, 105 It 




excessive retention of, 166 


excretion of, 166 

intake sources of, 166 
losses of, 166 

molecular oxygen metabolism to, 25/ 
in oxidation reaction, 24 

from oxygen metabolism, 25 

Water moccasin anrivenin, 1C 36 
Water-resistant gel, 947 

Water-soluble drugs, 1086 

Water trap chest drain system, 1 59 [ 

Waveforms, duration and amplitude of, 252 


Zantac* See Ranitidine (Zantac) 

Zfirlukast (Accolate), 62 ? 

Zileuton (Zyflo), 626-627 
Zinc 


253 


adverse reactions to, treatment of, 10551 
for liver disease, 801 

for severe liver disease, 799t 

Zinc phosphide poisoning, 1114 

clinical signs of, 1115 
pathophysiology of, 1114-1115 
treatment of, 1115 

Zona fasciculata, 535 

Zymogens, 772 


Weaning, indices and predictors of, 109c 
Weapons of mass destruction, 

agents used as, 12 — 1233c 

Whipworm, 766 

White matter edema, 405 / 

White pulp neoplasia, 374 

Whole blood transfusion 

for adverse drug reactions, 1052c, 1055? 
selection of, 192 
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